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1 
INTRODUCTION 
Charles Darwin wrote, in a letter to Professor Asa Gray in 1857: 
It is wonderful what the principle of selection by man, 
that is the picking out of individuals with any desired 
quality, and breeding from them, and again picking out, 
can do. Even breeders have been astounded at their own 
results. 
Now suppose there were a being who did not judge by 
mere external appearances, but who could study the 
whole internal organization, who is never capricious, 
and should go on selecting for one object during 
millions of generations; who will say what he might 
not effect? 
The problem relative to carcass characteristics is that it is diffi­
cult to pick out individuals with the desired quality. We cannot study 
the internal organization of live animals but must rely on external obser­
vations. 
Hammond (1920) suggested, from the results of a study of the relative 
growth and development of groups of cattle of different breeds and crosses, 
that the type of animal which pleased the judges in the show ring possibly 
was not the type which produced the most desirable carcasses. This same 
observation may be made today. 
Frequent efforts have been made to find better methods of evaluating 
carcass quality by taking measurements on live animals. These included 
measuring body dimensions (such as circumference, length, and width) with 
measuring tape or large calipers. Although significant predictive rela­
tionships between measurements and carcass values have been established, 
these have been too low to have practical value. Monophotographic tech­
niques have generally been unsatisfactory because of lack of depth and be­
cause of poor equipment precision. The present experiment was conducted 
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with measurements obtained by stereophotogrammetry which makes use of pre­
cision equipment for both the recording and measurement of three-dimension­
al photographs. There are many measurements and in the analysis the prob­
lem becomes one of choosing the best for predicting carcass quality. This 
choice, instead of being subjective, was made using a statistical method 
which groups the variables according to their correlations with a hypo­
thetical characteristic. The purpose of the present study was to investi­
gate the accuracy of the most promising stereophotogrammetric measurements 
for predicting lean cuts of beef carcasses. 
If accurate prediction of the carcass could be accomplished, one 
could select a breeding animal on the basis of his own carcass, thus ob­
viating the necessity of progeny testing with its accompanying increase in 
generation interval and decrease in selection differential due to the 
limited number of animals which can be tested. Sib testing would also be 
reduced since some valuable animals now slaughtered to measure carcass 
characteristics could be saved for breeding purposes. 
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REVIEW OF LITERATURE 
Hultz (1927) made linear measurements on 40 steer calves, chosen for 
similar quality and similar breeding but differing in type so that 20 were 
low-set and 20 were rangy. Some of the measurements were width across 
hips, height at withers, and chest depth. He also measured chest girth 
and circumference at the paunch. He found that the ratio of chest depth 
to wither height was the best measure associated with type. 
Lush (1928) made suggestions for possible best measurements for de­
scribing the fatness of steers. He stated that measurements of soft parts 
which would reflect the degree of fatness are quite inaccurate when instru­
ments such as calipers are used, since their use involves varying pressure 
on the animal when the measurements are made. There was barely significant 
evidence of breed differences in the way body shape changed with fattening. 
This evidence existed only in flank girth and paunch girth. The correla­
tion coefficient for the ratio of chest girth to wither height with fatness 
was .563 and he concluded that this was the most useful ratio for indicat­
ing fatness. If chest width could be measured as accurately as chest 
girth, it probably would be a more useful measurement, according to this 
report. 
Lush et al. (1932), studying growth in range cattle, found that meas­
urements of the head, such as head length, and length of the long bones, 
such as height of withers and height over the hips, increase at about a 
normal rate regardless of season or pasture conditions. 
One of the first extensive studies of the relation between body meas­
urements of steers and their subsequent performance in the feedlot and at 
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slaughter time was reported by Lush (1932). Twenty-three body measurements 
as well as initial and final weight, warm dressed carcass weight, and 
commercial worth of the dressed meat were studied. He reported simple 
correlations of .76 for wither height and chest depth, .78 for hip height 
and chest depth, and .90 for wither height and hip height. 
Phillips and Dawson (1936) conducted one of the earlier studies with 
swine in which measurements were obtained by photographic means. Only 11 
pigs, varying in weight from 196 to 226 pounds, were used. The method in­
volved placing three bars of known length on an animal in three places 
(back, side, and top). A photograph was made with the bars in place and 
the images were projected to life size using the bars for reference. The 
measurements were taken from these projections. They found this method of 
collecting data to be less satisfactory than measurements obtained directly 
from the animals with calipers and steel tape. This possibly was due to 
the fact that in life size projections there is usually some loss of per­
spective in the image. In this case, any loss could be a serious source 
of error. 
Black et al. (1938) collected data comprised of linear measurements 
on live slaughter steers and carcass measurements after slaughter. The 50 
steers were of beef, dual purpose, and dairy breeding and were individually 
fed to a mean live weight of 900 pounds. They reported correlation coef­
ficients as follows: 
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Dressing Percent Fat Percent of 
Percent in Carcass Total Edible Meat 
Height at withers -.50 -.80 
-.83 
Height of floor of chest 
-.46 
-.70 -. 68 
Depth of chest 
-.39 -.46 
-.55 
Length of body 
-.49 -.63 
-.71 
Width of shoulder .38 .41 . _ .44 
Width of chest .50 .58 .58 
Width of loin -.11 -.16 -.10 
Heart girth .13 .30 .22 
Ratio of heart girth to height .54 .76 .76 
Ratio of body weight to height .53 .75 .77 
When live weight of the animal was held constant, they found higher rela­
tionships between body measurement and carcass characteristics than did 
Hultz in 1927. 
Phillips and Stoehr (1945) conducted a study with sheep similar to 
that of Phillips and Dawson (1936) with pigs. Phillips and Stoehr made 
direct measurements with metal calipers and a steel tape on sheep sheared 
just prior to taking the measurements. They also made photographs of one 
group of sheared sheep and projected these to life size using a ruler 
which had been included in the photograph as a reference. Measurements 
from the projected photographs generally were unsatisfactory, probably be­
cause of the optical breakdown of the image when it was enlarged to life 
size. 
Kohli et al. (1951) computed relations among five body measurements 
and performance characters in 157 900-pound milking Shorthorns. They re­
ported correlation coefficients between length of body (as measured from 
pinbone to point of shoulder) and height at withers, height at floor of 
chest, and width of shoulder to be .38, .23, and .07, respectively. They 
also reported the correlations between width of shoulder and height at 
withers and height at floor of chest to be -.25 and -.18, respectively. 
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Cook et al. (1951) used data from the same steers reported on by 
Kohli et al. (1951) to study associations between body measurements and 
slaughter grade, carcass grade, and dressing percentage. Most of the 
correlation coefficients found between the body measurements and the other 
three traits were not high enough to have much predictive value. The 
correlations reported for dressing percent with height at withers, height 
at floor of chest, width of shoulder, and length of body were -.20, -.18, 
.08, and -.20, respectively. 
Guilbert and Gregory (1952) measured, among other things, height at 
withers, height at hooks, length of body, and width of hooks on Hereford 
cattle. One of the purposes of the body measurements was to determine to 
what extent objective measurements might be substituted for subjective 
grading. They concluded that measurements in addition to weight serve to 
describe more adequately the individuals under observation. 
A study by White and Green (1952) was made to ascertain relationships 
between live animal measurements and weights of major wholesale cuts. 
Linear measurements were taken on 50 steers using a steel tape and metal 
caliper. The steers ranged in weight from 800 to 1445 pounds. Some of 
the measurements made on the live animals were withers to fore flank, be­
tween the 12th and 13th ribs to hooks, between the 12th and 13th ribs to 
mid-rump, hooks to mid-rump, depth of chest, and width of shoulders. 
These measurements had simple correlation coefficients with live weight of 
.71, .05, .37, .38, .55, and .76, respectively. As might be expected, the 
weights of the cuts were highly correlated with live weight. The correla­
tions between live weight and weight of the round, weight of the cross cut, 
weight of the rib, and weight of the trimmed loin were .91, .94, .92, and 
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.93, respectively. Multiple correlation coefficients were calculated for 
weight of the rib, weight of the trimmed loin, weight of the short loin, 
weight of the sirloin butt, and weight of the round. None of the equations 
which did not include live weight resulted in a multiple correlation coef­
ficient as high as the simple correlation of the cut with live weight 
alone. Only a slight increase in the multiple correlation coefficient was 
accomplished when as many as eight other measurements were included with 
live weight in the equation. They concluded that depth and width measure­
ments were more highly correlated than length measurements with the weights 
of the carcass cuts but this was based on simple correlations not corrected 
for the influences of the large variation in live weight. 
Body measurements and carcass information on 101 beef Shorthorn and 
62 Milking Shorthorn steers were included in an investigation by Yao 
et al. (1953). The steers were nursed to a weight of 500 pounds and then 
fed individually to a slaughter weight of 900 pounds. Many correlation 
coefficients between body measurements were reported. Some of present in­
terest include those between height at withers and height at rear flank, 
depth of chest, length of body, and shoulder width which are .61, .32, .25, 
and -.20, respectively. The correlation coefficients of length of body 
with shoulder width, width of chest, width of last rib, and width at hip 
were .19, -.01, .16, and .13, respectively. Correlation coefficients be­
tween dressing percent and some of the linear body measurements were .01, 
-.12, .07, .18, .11, .21, .11, and .08 for height at withers, height at 
floor of chest, height at flank, depth of chest, length of body, width of 
shoulder, width of loin, and width at hips, respectively. 
They suggested that each body measurement group could be represented 
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fairly well by just one measurement in the group which was highly corre­
lated with all the other measurements. For example, height at withers was 
best for height measurements, length of body best for length measurements, 
width of chest best for width measurements, and circumference at navel 
for circumference measurements. 
Green (1954) studied data taken on the 50 steers used by White and 
Green in 1952-. Two groupings of preferred cuts were made where group I 
contained the round, trimmed loin, and rib, and group II included the 
— parts in group I plus the cross-cut. The cross-cut consisted of the regu­
lar chuck, brisket, and foreshank. 
A multiple regression equation including width of shoulders, width 
of hooks, depth of twist, slaughter grade, circumference of rear flank, 
and live weight did not accurately predict dressing percent. Except for 
live weight and heart girth, shoulder width was most closely correlated 
with measures of muscle tissue, and was the only linear measurement in the 
study that was significantly correlated with dressing percent. Only 
shoulder width and depth of twist were significantly correlated with pre­
ferred cuts (I) and only those two and width of hooks were significantly 
correlated with preferred cuts (II). The simple correlation between 
width of shoulder and the combined weights of preferred cuts (I) and (II) 
was .81. The partial correlation of the same measurements with live 
weight held constant was .45, a highly significant value. 
Kidwell (1955) used data from 64 Hereford steers to determine whether 
conformation of fat calves could be quantitatively described by some body 
measurements. He also evaluated the relation between body measurements 
and desirability of the animal as defined by slaughter grade, carcass 
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grade, and dressing percent. Heart girth was selected as the best measure 
of total size. Wither height, body length, and width at hooks were select­
ed to represent height, length, and width of the body, respectively. 
Ratios of the three size measurements to heart girth were calculated and 
their correlation coefficients were reported. The correlations between 
the ratio of height at withers to heart girth and slaughter grade, carcass 
grade, and dressing percent were -.551, -.677, and -.441, respectively. 
Those between the ratio of body length to heart girth and the same three 
measures of desirability were -.440, -.347, and -.231, respectively. 
Those between the ratio of width at hooks to heart girth and the measures 
of desirability are .039, .081, and -.047. Multiple correlations includ­
ing ratios of wither height to heart girth, length of body to heart girth, 
and chest width as indicators of slaughter grade, carcass grade, and 
dressing percent were little different from the simple correlations of the 
carcass traits with chest width alone. 
Smith (1957) measured young bulls for chest depth, height at withers, 
chest girth, paunch girth, circumference at rear flank, and length of 
body. Simple correlations of wither height with depth of chest and body 
length were .55 and .27, respectively. The simple correlation coefficient 
between chest depth and body__length was .39. 
Tallis et al. (1959), in a preliminary investigation to determine 
which of 10 body measurements on live steers were most repeatable, con­
cluded that heart girth, circumference at navel, height at withers, and 
height at hooks had the highest repeatabilities. Length of body, depth of 
chest, and width of hooks also had high repeatabilities even though the 
measurement errors were greater. Ratios of weight to height and weight to 
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length were correlated with dressing percent, area of the rib eye, and 
percent edible portion. In both heifers and steers the two ratios were 
positively correlated. In steers the correlation coefficients between the 
height-weight ratio and dressing percentage, area of rib eye, and percent 
edible portion were .37, .52, -.45, respectively, all of which were 
significant to at least the .05 level. The correlation coefficients of 
the weight-length ratio with dressing percent, area of rib eye, and percent 
edible portion were .37, .51, and -.43, respectively. These correlations 
suggested that direct selection to increase rib eye area would cause a 
correlated decrease in percent edible portion in the carcass. Further 
work involving a ratio of edible portion to bone indicated that this ratio 
was positively correlated with rib eye area as well as the weight-height, 
and weight-length ratios. From the breeder's point of view, it was there­
fore concluded that the ratio of edible portion to bone might be a more 
satisfactory carcass index even though it is significantly correlated with 
fat trim and should be adjusted to a standard fat percentage. 
Orme et al. (1959) studied data from 31 long yearling steers which 
included eight Angus and 23 Herefords. Among the measurements made on the 
live animal were width of shoulder, round, and hooks, length of body, 
length from 13th rib to hooks, length from hooks to pins, height at the 
withers, height at rump, break joint (femro-tibial articulation) to dew 
claw, and break joint to floor. The only correlation coefficients found 
to be significant at the .01 level between linear measurements and percent 
primal cuts (round, rib, and loin) were those for circumference of the 
body at the fore flank and circumference of middle; these correlations 
were -.46 and -.53, respectively. The correlation coefficients between 
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percent primal cuts and 13th rib to hooks and first thoracic vertebra to 
pins were .15 and .31, respectively. 
One of the principal objectives of a study by Robinson et al. (1960) 
was to assess the accuracy of body measurements taken just prior to 
slaughter for predicting carcass merit in swine. Live animal measurements 
included depth of chest, width immediately behind the shoulders, width at 
the widest part of the body, width of loin, and width of ham. Several 
carcass traits were also measured, including length of carcass, average 
carcass backfat, percent lean cuts, and loin eye area. They concluded that 
backfat at the loin and live weight at 154 days were the best two measure­
ments for predicting percent lean cuts. Some increase in the multiple 
correlation coefficient could be realized when more of the linear body 
measurements were included in the equation. 
Good et al. (1961) conducted a study on 674 steers of three breeds 
to evaluate relations between live animal measurements and carcass merit. 
The only live animal measurements taken were two head measurements, cir­
cumference of round, and circumference of cannon bone. Subjective scores 
for muscling were assigned by two judges. The main parts of the body con­
sidered in scoring for muscling were the rib, back, loin, rump, round, and 
fore arm. The left side of each carcass was ribbed and fat thickness and 
area of the longissimus dorsi were recorded. They reported the partial 
correlation coefficients, weight held constant, between fat cover at the 
12th rib and circumference of round to be -.19, which was significant at 
the .05 level. Muscling score was found to have a correlation coefficient 
of .21 with dressing percent. This was also statistically significant 
even though it is not really very high. 
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Brinks et al. (1964) studied the relationships of live weight and 
linear measurements obtained by stereophotogrammetry with wholesale cuts 
of beef. They used data from 38 Hereford steers which were weaned at an 
average age of six months, put in feedlot at weaning, and group-fed for 
252 days prior to slaughter. The stereophotographs were made 16 days be­
fore the end of the feeding period. The linear distances selected for 
analysis were chosen to generally outline the wholesale cuts on the live 
animal. The carcasses were divided into standard wholesale cuts in a 
commercial packing plant. Multiple regression prediction equations were 
computed for fore quarter, hind quarter, round, loin, rib, chuck and thin 
cuts. These equations included the linear measurements (which best out­
lined the particular cut) and live weight as independent variables and 
were reported for actual pounds and percent of each cut. The multiple 
correlations in all cases were .95 or higher for pounds of cut and ranged 
from .41 to .83 for percent of cut. 
Birkett et al. (1965) obtained linear measurements on 32 beef car­
casses ranging in weight from 498 pounds to 749 pounds. The measurements 
were adjusted for carcass weight by dividing the measurements by carcass 
weight and multiplying by 100. They found that carcass weight had a 
simple correlation of .97 with weight of closely trimmed cuts. Therefore 
partial correlation coefficients with carcass weight held constant gave 
better indications of the real relations between the linear measurements 
and the weight and percentages of closely trimmed cuts. The partial 
correlation coefficients of any measurement with weight and percent of 
trimmed cuts were essentially the same. They reported partial correlation 
coefficients between length of rump, length of loin, and length of round 
13 
and weight of closely trimmed cuts and percent closely trimmed cuts to be 
.37 and .36, .49 and .46, and .51 and .48, respectively. The simple 
correlation between percent trimmed cuts and carcass weight was -.52. 
When circumference of fore arm, circumference of round, and length of loin 
plus length of rump were added to weight in the multiple regression equa­
tion, the coefficient was increased to .82. 
14 
DATA 
Carcass Data 
The data used in this study came from 67 steers, 18 Angus, 39 Here-
fords, 5 Brown Swiss x Hereford, and 5 Charolais x Hereford. All cross­
bred calves had Hereford dams. All calves were born in the spring of 1962 
and weaned in November at an average age of 213 days. At weaning, six bull 
calves from each sire were castrated and two from each sire group were 
assigned to one of three different treatment groups. The three treatments 
were different feeding regimes until slaughter. The steers in all treat­
ment groups were slaughtered as they were individually judged to be low 
choice in grade. Therefore the time on feed was not the same for steers 
in any one group and the average number of days on feed,- as a group, was 
not the same for all groups. 
Group was immediately put in the feedlot after weaning. After an 
adjustment period of one month, at an average weight of 479 pounds, the 
steers were put on a high-concentrate ration and individually fed as 
much as they would eat. The steers from the E^ group used in the present 
study were fed an average of 272 days and were slaughtered at an average 
age of 525 days. Their average weight at slaughter was 1031 pounds. 
The steers in group Eg, after weaning, were wintered, gaining 1 to 
1 1/2 pounds daily, on silage and hay with a supplement of about 1/2 pound 
of soybean oil meal per head per day. In the early summer of 1963, at an 
average weight of 574 pounds, the Eg steers were put on the same high-
concentrate ration fed to the group, also being fed individually. 
These steers were fed an average of 233 days and were slaughtered averaging 
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1077 pounds in weight at an average age of 625 days. 
The Eg steers, after going through the winter on silage, hay, and soy­
bean oil meal with the ££ group, were then grazed on mixed grass and legume 
pasture from May 1st until the middle of October. On October 15th the E3 
steers were put into the feedlot, at an average weight of 736 pounds and 
were fed the same ration, individually, as the and Eg groups. They were 
on feed an average of 185 days and were slaughtered at an average age of 
741 days. The average slaughter weight of this group was 1108 pounds. 
All steers were slaughtered at the Iowa State University Meats Labora­
tory and detailed carcass data were taken on each animal. Whole carcass 
weight as well as the weights for each side of each carcass and the front 
and hind quarters were recorded. Both sides of each carcass were cut into 
wholesale cuts as described by Wellington (1953) and each untrimmed whole­
sale cut was weighed. These cuts include the round, rump, sirloin, short 
loin, rib, chuck, flank, plate, brisket, and fore shank. The wholesale 
cuts from the right side were cut into retail cuts plus fat trim, lean 
trim, and excess bone. The retail cuts were cut to a uniform fat thick­
ness of 1/4 inch. The wholesale cuts from the left side of the carcass 
were weighed and separated physically into fat, bone, and lean. Tracings 
of the longissimus dorsi muscle were used to measure loin eye area and fat 
depth at the 12th rib. 
Linear Measurements 
Two sets of. pictures of all animals used in this study were taken be­
fore weaning and when the animals were weaned in the fall of 1962, a series 
of stereophotographs at specified intervals for each group was begun. 
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Stereophotographic methods of collecting data consist of two substantially 
separate operations; the taking of the photographs and the plotting, or 
actual measurement, of the images on a machine specifically designed for 
the purpose. 
The camera used in this study was a Wild C12 stereometric camera 
which was made available by Armour and Company. Figure 1 shows the camera 
from the front and a close view of one end through which one image was re­
corded. The design of the camera ensures one of the basic requirements of 
stereophotogrammetry which is that the lenses through which the images are 
recorded should be similarly located relative to each other for every 
photograph. This is required for accurate later evaluation of the photo­
graphs. The two lenses in the Wild C12 are arranged exactly 120 centi­
meters apart in a rigid tube and the two shutters are synchronized, result­
ing in the simultaneous recording of two images. If an object is photo­
graphed from two points, the two pictures create a three-dimensional 
effect when viewed stereoscopically. 
Because the stereophotographs were made indoors, four stroboscopic 
flashes were synchronized with the camera, two with each shutter. This 
ensured adequate balanced lighting for all photographs regardless of 
weather conditions. 
A great deal of care was taken at the beginning of each photographic 
session to orient the camera in the proper manner. The lenses for both 
sides of the camera were placed exactly the same distance from a fixed 
reference board in front of which the animals stood. Thus the axis of the 
two lenses was exactly parallel to the board. A level on the camera made 
it possible to keep the instrument parallel to the floor which was 
Figure 1. Wild C12 stereometric camera 
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concrete. The focal length of the lenses is 91 millimeters so that setting 
for a fixed distance of 92 millimeters corresponding to an image distance 
of 9 meters makes it possible for all objects within the range of 4 to 40 
meters to be in sharp focus. Consequently, as long as the steers were 
more than 4 meters from the camera they were always in focus. The images 
from the two lenses were recorded on 60 x 90 mm glass plates. Glass was 
chosen as a film base so as to minimize changes in the image which might 
occur with changes in climatic conditions had another base been used. 
After the photographs were made, the plates wdre developed each time 
in fresh developer, at the same temperature, for the same length of time. 
This procedure, along with the uniform lighting previously described, re­
sulted in negatives of as uniform density as possible. 
The negatives were sent to a commercial organization where they were 
measured in a Wild A4 Autograph by means of stereoscopic viewing. Figure 
2 is an overall view of the Wild A4 Autograph (plotter) and a closer view 
which illustrates the eye piece and the way the two negatives of each 
steer are placed in the machine at the same time for viewing together. 
Evaluation of the photographs is based mainly on the knowledge of the 
lateral displacement of the images on the two negatives. This illustrates 
the importance of having the two lenses located at a constant distance 
from each other. The measurement of the points on the pictures in the 
plotter is accomplished by reproducing the path of the light rays as they 
existed when the pictures were taken. In the plotter the plates are in­
serted "into two devices which have similar lenses and similar image dis­
tances and the two pictures are oriented to one another as the two lenses 
were oriented when the pictures were taken. The distance is reduced 
19 
n 
m 
Figure 2. Wild A4 autograph (plotter) 
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between lenses, of course, by a scale factor. Viewing is accomplished 
through telescopes and the point readings relative to a reference point in 
the photographs recorded in three dimensions. The point coordinates are 
very precise since they can be read to within one one-hundredth of a milli­
meter. These point coordinates, in three dimensions, from the photographs 
made one to two days before slaughter, comprised the raw data for the 
linear measurements used in this analysis. 
The animals themselves were carefully made ready for each photograph. 
Orientation points of interest were located by palpation and marked with a 
circle of white water base paint. On animals of dark color, the body was 
sprinkled with flour to add contrast and detail to the negative. Targets 
which were covered with alternating black and white squares of one centi­
meter were glued along the midline of the animal's back at points above 
the shoulders, over the widest point on the paunch, and just in front of 
the tail head. A target was also attached to the sheath to mark the mid­
line of the underside of the animal. These targets were used to compensate 
for any leaning of the animal and for the fact that the animal may not have 
been standing exactly perpendicular to the camera axis when the photo­
graphs were made. Figure 3 is a drawing of a steer showing where the 
reference points were located on the body and a description of each point 
in the figure is given in the list on the facing page. 
Y distances (height measurements) are differences in the Y coordinates 
relative to point 1 which was a point on the surface on which the animal 
stood. In addition to distances of points from the floor, several other 
Y distances were calculated. A description of all Y variables, all verti­
cal distances, is given in Table 1. 
Figure 3. The location of reference points and their description 
Point 1. 
Point 2. 
Point 4. 
Point 5. 
Point 6. 
Point 7. 
Point 8. 
Point 9. 
Point 10. 
Point 11. 
Point 12. 
Point 19. 
Point 20. 
Point 21. 
Point 22. 
Point 23. 
Point 24. 
Point 25. 
Point 26. 
A point on the surface on which the animal stood. 
The point at which the hindquarter is thickest. 
The point of the hook. 
A point on the last rib parallel to point 4. 
A point on the centerline of the animal on the back above the hindquarter. 
A point on the centerline of the animal on the back above the paunch. 
The point at which the paunch is widest. The middle of the body at its widest 
point. 
The highest point of the rear flank above the ground. 
The point on the chest floor which is highest above the ground. 
The point of the widest part of the shoulder. If there is a plateau at the 
shoulder, it is the center of the plateau. 
A point on the centerline of the animal on the back above the shoulder. 
Usually this point is directly above point 11. 
The point on the brisket nearest the ground. 
A point at the center of the foreleg at the knee. 
A point at the center of the foreleg at the dew-claw. 
A point at the center of the rear leg at the dew-claw. 
A point at the center of the rear leg at the hock. 
The point at which the round joins the rear leg. 
The rearmost point on the round. 
The point on the centerline of the animal where the tail joins the body. 
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Table 1. List and description of height (Y) variables 
Variable Description 
Y (2) The distance from the floor to point 2 
Y (3) The distance from the floor to point 4 
Y (5) The distance from the floor to point 6 
Y (6) The distance from the floor to point 7 
Y (7) The distance from the floor to point 8 
Y (8) The distance from the floor to point 9 
Y (9) The distance from the floor to point 10 
Y(10) The distance from the floor to point 11 
Y(ll) The distance from the floor to point 12 
Y(15) The distance from the floor to point 19 
Y(16) The distance from the floor to point 20 
Y(17) The distance from the floor to point 21 
Y(18) The distance from the floor to point 22 
Y "(19) The distance from the floor to point 23 
Y (20) The distance from the floor to point 24 
Y (22) The distance from the floor to point 26 
Y(29) The distance from point 12 to point ! LI 
Y(30) The distance from point 6 to point 2 
Y(31) The distance from point 6 tc 1 point 9 
Y(32) The distance from point 12 to point 10 
Y(33) The distance from point 7 tc • point 8 
Y (36) The ratio of Y(32) to Y(ll). 
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Some distances in the X dimension (length) were calculated as differ­
ences in point coordinates from point 25 on the animal, the rearmost point 
on the round whereas others were calculated as distances from some other 
reference. All X distances are horizontal distances from point to point 
and they are all described in Table 2. 
For the distances in Z (width), the Z coordinates were divided into 
three groups as they were situated along the length of the body. All Z 
distances were calculated from one of the three reference points along the 
mid line of the back (either 12, 7, or 6) to correct for any non-straight-
ness along the back. Table 3 lists and describes the Z variables. 
These distances, as described, in the three dimensions were used 
in the analysis. 
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Table 2. List and description of length (X) variables 
Variable Description 
X (2 
X (3 
X (4 
X (7 
X (8 
X (9 
X(10 
X(15 
X(20 
X(22 
X(29 
X(30 
X(31 
X(32 
X(34 
X(35 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The distance 
The ratio of 
The ratio of 
from point 25 to point 2 
from point 25 to point 4 
from point 25 to point 5 
from point 25 to point 8 
from point 25 to point 9 
from point 25 to point 10 
from point 25 to point 11 
from point 25 to point 19 
from point 25 to point 24 
from point 25 to point 26 
from point 2 to point 8 
from point 24 to point 9 
from point 8 to point 11 
from point 4 to point 5 
X(2) to X(10) 
X(4) to X(10) 
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Table 3. List and description of width (Z) variables 
Variable Description 
Z (2) The distance from point 6 to point 2 
Z (3) The distance from point 6 to point 4 
Z (4) The distance from point 7 to point 5 
Z (7) The distance from point 7 to point 8 
Z(10) The distance from point 12 to point 11 
27 
METHOD OF ANALYSIS 
Photogranmetric methods have several advantages in collecting measure­
ment data on livestock. Less time is spent in actually handling the ani­
mals than would be involved in taking a comparable number of measurements 
with tapes and calipers. Stereophotographs are accurate and permanent 
records of the animals at a given time making it possible to obtain addi­
tional measurements on the same animals at any time. Leydolph (1954), in 
a discussion of the value of stereophotogrammetry in animal husbandry work, 
says that the practical use of photographic methods had to wait until the 
instruments used in such studies were developed and refined to a satisfac­
tory level. Another improvement for which the analysis of data such as 
those used in the present study had to wait was the development of high 
speed computers which make possible analyses that would be too laborious 
otherwise. With these tools for use, it was the objective of this analysis 
to identify the linear measurements on the live animal which would be of 
greatest value for predicting its carcass characteristics. 
There are 20 points on each animal for which there are coordinates 
given in three dimensions, length (X), height (Y), and width (Z). Obvious­
ly, all points measured are not meaningful in all three dimensions. For 
example, the X coordinate for point 12 is not useful because it is rather 
arbitrary in the X direction while, at the same time, it is meaningful and 
accurate for measuring the height of the animal at the withers and it is 
one of the important points for measurements of width since it is known to 
be located on the mid line of the back. Another example is point 20. It 
is a useful and accurate point in the Y dimension because it is a measure 
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of the height of the knee from the ground, but it is not accurate for 
length or width measurements because these would change with the position 
of the fore leg. Therefore, by examining what each point really meant, the 
meaningful points in each dimension were determined. It was concluded that 
for the X dimension points 2, 4^ 5, 8, 9, 10, 11, 19, 24, 25, and 26 would 
be used to calculate distances in the X dimension, i.e., to arrive at 
length measurements on the animal. In the Y dimension the meaningful 
points are 1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 19, 20, 21, 22, 23, 24, and 26. 
In the Z dimension fewer points can be considered useful. Those are 
points 2, 4, 5, 6, 7, 8, 11, 12, and 26. From the points, linear dis­
tances in each dimension were calculated for each animal. 
Since there are several points which could be used in any one dimen­
sion for finding linear distances, a large number of possible distances 
and combinations of distances might be used in prediction equations. Even 
after distances are calculated using only those points determined to be 
meaningful, there are many possible combinations. Where the number of 
variables is very large, as is the case here, the amount of work involved 
in a complete regression analysis is prohibitive as well as clumsy. Thus 
some way is needed to reduce the number of variables with which the analy­
sis must contend. Factor analysis has been found to be of great value in 
the fulfillment of this objective in psychological studies and in the 
social sciences and its use in the present study is logical. 
In this attempt to discover the nature of the underlying order of 
the data, a factor analysis, which is a method of analyzing a set of obser­
vations obtained from measurement of continuous variables, can be set up 
without any explicit hypothesis. The analysis is designed to determine 
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from the intercorrelations of the variables whether the variance represent­
ed can be accounted for by a number of basic factors, the number of which 
will be smaller than the number of variables with which the investigation 
was begun. As a result, data obtained from a large number of measurements 
may be explained with a smaller number of factors. In the present study a ^ 
principal component analysis, one type of factor analysis was used. 
Let XT , X/,„, ..... X „ be the n correlated measures obtained on each Iq' zq' ' nq — 
animal (q = 1, 2, ...., 67). Assume that these measurements are normally 
distributed, i.e., N i = 1, 2, ...., n, and that they 
have uncorrelated errors of measurement. Although the X^^ are not stand­
ard normal variates, = (X^^ - jX^)/ CF^, where and CT^ are popula­
tion parameters and the variables ^2qs •**' ^ nq distributed 
N(0, 1). This transformation standardizes the scale of measurement which 
facilitates later evaluation of results. In the following discussion Z^ 
will be written for Z^^. 
Any variables, Zj_, may be expressed in terms of k components which 
can be constructed. The pattern is: _ 
^1 ^11 ^1 ^12 P2 + \ 
Z2 = 3-21 + 322 ^2 ^2k 
or 
Z = 
n ^nl ^1 + &n2 ^ 2 ®nk \ 
^il ?! + ai2 ^2 + + ^ ik \ (1) 
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where i = 1, 2, n 
k = l j  2, the number of components constructed. 
Because the constructed components are uncorrelated 
^Z. P. " ®ii 
X 1 
and iCn p a. . 
i "-J 
These values, a^^ and a_j, which are the coefficients of the compon­
ents in equation 1, are referred to as the loadings of the observed varia­
bles on the respective components. The loadings express the relationship 
of the variables with the components. 
2 2 The variance accounted for by component - a^^ + ag^^ + 
.... + a (i = 1, 2, .... k) because =1, =1, and 
i i 
Gov (P., P.) = 0 which is a basic condition of the analysis. 
1 J 
In the principal component analysis, the are chosen so as to maxi­
mize the variance accounted for by a particular component. For example, 
2 2 2 for component 1, =t a^^ + 82^ + .... + a^^ is maximum under the condi­
tions r. . = S a,, a., . In the solution for the a.-,, Y-, is precisely ij k xk jk XX 1 
equal to the largest characteristic root, of the original correlation 
matrix. 
^ ^12 ^13* "^In 
^21 ^ ^23 •••'^2n 
^nl ^n2 ^n3--- ^ 
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with which the principal component analysis is begun. 
The correlations of the variables with the first component are 
^il ^ il "X/Xl / "\/ ( CL 21^ + Of'21^ • • * * O^nl ^ ' 
where CI (% 0^21' etc. are elements of an eigenvector corresponding 
to the characteristic root, 
After finding the for the first component, , the coefficients, 
^i2' the second component, are calculated. In order to accomplish 
this, the first component residual correlations, ^r^j, may be obtained 
using ,r.. = r.. - a., a.,. The first characteristic root of the residual 1 ij ij jl 
X2 2 2, is precisely equal to V2 where V2 = a^2 + ^ 22 
2 
.... + a^2 and the variance accounted for by component two after extract­
ing component 1 coefficients, is maximum. In fact, the largest character­
istic root, \2) of the residual correlation matrix is equal to the second 
largest characteristic root of the original correlation matrix. Therefore, 
in practice the successive characteristic roots and their corresponding 
eigenvectors from which the a^j are calculated are obtained directly from 
the original correlation matrix until k components have been constructed. 
It is possible to extract as many components as there are variables but 
the first few components will account for a large part of the total 
variance. 
It is apparent from the above discussion that the components exist 
only as they are related to the variables and must be interpreted accord­
ing to the relative correlations (loadings) between them and the variables. 
That is, the identification of a particular component depends upon the 
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relationships between it and different variables. By examining the load­
ings of variables on the component, a biological interpretation of the com­
ponent may be achieved. 
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RESULTS AND DISCUSSION 
Coefficients of Variation 
The coefficients of variation of the measurements used in the present 
study are presented, with the mean and standard deviation of each measure­
ment, in Tables 4 through 6. In general they are in agreement with those 
reported in the literature. Since the standard deviation of live weight, 
with which most measurements are highly correlated, is an intermediate 
value when compared to those reported by others, the coefficients of varia­
tion are within the values which would be expected. Green (1954) and 
Kidwell (1955), using data from groups with large standard deviations of 
weight, found coefficients of variation of linear measurements between 3.6 
percent and 7.9 percent except for the measurement of the distance from 
the 13th rib to the hooks which Green found to be 15.8 percent. This 
measurement also has a relatively high coefficient of variation of 17.9 
percent in the present study. A possible explanation is that both end 
points of this particular distance are difficult to locate whether by 
palpation or on the stereophotograph plotter. This distance is one of 
the smallest in the study and any difficulty in locating the end points 
could add considerably to the variance of the measurement relative to its 
mean. Kohli et al. (1951) reported lower coefficients of variation for a 
group of steers which were very uniform in slaughter weight. Their re­
ported coefficients were 2.4 percent, 4.9 percent, 4.4 percent, and 3.4 
percent for height at withers, height at floor of chest, width of shoulder, 
and length of body, respectively. 
34 
Table 4. Means and standard deviations of length fX) variables 
Length 
Variable Mean Standard Deviation 
Coefficient of 
Variation 
in Percent 
X (2) 16.56 cm. 3.36 cm. 20.29 
X (3) 45.82 cm. 6.97 cm. 15.21 
X (4) 72.91 cm. 5.67 cm. 7.78 
X (7) 70.05 cm. 4.24 cm. 6.05 
X (8) 36.20 cm. 3.27 cm. 9.03 
X (9) 109.93 cm. 5.06 cm. 4.60 
X(10) 125.18 cm. 5.56 cm. 4.44 
X(15) 134.10 cm. 5.95 cm. 4.44 
X(20) 7.78 cm. 2.51 cm. 32.26 
X(22) 14.69 cm. 3.14 cm. 21.38 
X(29) 53.47 cm. 3.91 cm. 7.31 
X(30) 28.42 cm. 3.10 cm. 10.91 
X(31) 55.13 cm. 3.52 cm. 6.38 
X(32) 27.09 cm. 4.84 cm. 17.87 
X(34) 0.13 0.02 15.38 
X(35) 0.58 0.04 6.89 
Live weight 1086 pounds 104 pounds 9.58 
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Table 5. Means and standard deviations of height (Y) variables 
Coefficient of 
Height 
Variable Mean Standard Deviation 
Variation 
in Percent 
Y (2) 86.30 cm. 5.83 cm. 6.76 
Y (3) 113.87 cm. 6.07 cm. 5.33 
Y (5) 122.82 cm. 5.91 cm. 4.81 
Y (6) 117.93 cm. 5.36 cm. 4.55 
Y (7) 82.70 cm. 5.18 cm. 6.26 
Y (8) 68.60 cm. 4.63 cm. 6.75 
Y (9) 62.65 cm. 5.05 cm. 8.06 
Y(10) 81.16 cm. 5.46 cm. 6.73 
Y(ll) 118.43 cm. 5.44 cm. 4.59 
Y(15) 38.21 cm. 3.63 cm. 9.50 
Y(16) 32.47 cm. 2.50 cm. 7.70 
Y(17) 8.82 cm. 1.36 cm. 15.41 
Y(18) 9.67 cm. 1.50 cm. 15.51 
Y(19) 45.13 cm. 4.29 cm. 9.51 
Y(20) 61.30 cm. 5.45 cm. 8.89 
Y(22) 122.59 cm. 6.17 cm. 5.03 
Y(29) 37.26 cm. 3.30 cm. 8.86 
Y(30) 36.52 cm. 3.79 cm. 10.38 
Y(31) 54.21 cm. 3.82 cm. 7.05 
Y(32) 55.78 cm. 3.11 cm. 5.58 
Y(33) 35.23 cm. 2.97 cm. 8.43 
Y(36) 0.47 0.03 , 5.53 
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Table 6. Means and standard deviations of width (Z) variables 
Width 
Variables 
Mean in 
Centimeters 
Standard Deviation 
in Centimeters 
Coefficient of 
Variation 
in Percent 
Z (2) 25.15 2.39 9.50 
Z (3) 22.24 2.49 11.20 
Z (4) 22.36 3.02 13.51 
Z (7) 37.76 2.54 6.73 
Z(10) 29.65 2.32 7.82 
Correlation Coefficients 
Simple correlation coefficients 
The importance of variation in live weight to the magnitude of the 
coefficients of variation of similar measurements from different experi­
ments may be seen by looking at the relatively high correlation of most 
measurements with live weight. Tables 7, 8, 9, and 10 present the simple 
correlation coefficients between length (X), height (Y), carcass (C), and 
width (Z) variables, respectively. The correlation of live weight with 
measurements is included in each table. In the tables it is evident that 
some measurements which are lowly correlated with live weight have the 
highest coefficients of variability. This is contrary to what might be ex­
pected with variance in live weight contributing to the variance of the 
measurements. The reason for this is not clear, but some measurements, 
particularly those of width (Z) and others such as X(3), X(20) and X (22) 
are more difficult to obtain accurately and, again, these are measurements 
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Table 7. Simple correlations between length (X) variables. X(24) is live weight 
r > .309 for P < .01; r > .237 for P <.05 
X (2) 1.00 
X (3) .55 1.00 
X (4) .60 .73 1.00 
X (7) .49 .54 . 66 1.00 
X (8) .37 .43 .54 .56 1.00 
X (9) .37 .34 .54 .75 .49 O
 
o
 
X(10) .53 .44 .64 .77 .56 .94 1.00 
X(15) .40 .46 .61 .76 .50 .92 .92 1.00 
X(20) .48 .45 .30 .31 .45 .26 .28 .20 1.00 
X(22) .52 .27 .37 .30 .12 .34 .40 .31 .13 1.00 
X(24) .28 .19 .48 .59 .48 .77 .78 .76 .16 .22 1.00 
X(29) -.33 .11 .21 • 66 .29 .49 .38 .49 -.08 -.12 .40 1.00 
X(30) .00 .10 .33 .34 .69 .31 .36 .37 -.33 .02 ,38 .37 1.00 
X(31) .25 .04 .22 .02 .20 .58 .65 .53 .07 .26 .52 -.20 .15 
X(32) -.09 -.59 .13 .00 ,01 .14 .12 .05 -.30 .05 .29 .08 .25 
X(34) .97 .49 .50 .34 .25 .17 .33 .20 .46 .47 ,10 .10 -.11 
X(35) .38 .61 .81 .28 .29 -.02 .08 .09 .18 .18 .04 -.02 .16 
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orrelations between length (X) variables. X(24) is live weight at time of last photograph. 
' for P < .01; r > .237 for P < .05 : 
X(4') X(7) X(8) X(9) X(10) X(15) X(20) X(22) X(24) X(29) Xf30) X(31) X(32) X(3U) X(35^ 
1.00 
. 6 6  1 . 0 0  
.54 .56 1.00 
.54 .75 .49 1.00 
.64 .77 .56 .94 1.00 
.61 .76 .50 .92 .92 1.00 
.30 .31 .45 .26 .28 .20 1.00 
.37 .30 .12 .34 .40 .31 .13 1.00 
00 
.59 .48 .77 .78 .76 .16 .22 1.00 
.21 . 66 .29 .49 .38 .49 -.08 -.12 .40 1.00 
.33 .34 .69 .31 .36 .37 -.33 .02 ,38 .37 1.00 
.22 .02 .20 .58 .65 .53 .07 .26 .52 -.20 .15 1.00 
.13 .00 .01 .14 .12 .05 -.30 .05 .29 .08 .25 .19 1.00 
.50 .34 .25 .17 .33 .20 .46 .47 .10 .10 -.11 .10 -.13 1.00 
.81 .28 .29 -.02 .08 .09 .18 .18 .04 -.02 .16 -.20 .07 .41 
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Table 8. Simple correlations between height (Y) variables. Y(24) is live weight at time 
P < .05. 
Y(2) YC3) Y(5) Y(6) Y(7) Y(8) Y(9) Y(10) Y(ll) Y(15) Y(16) Y(17) Y(18) Y(19) 
Y (2) 1.00 
Y (3) .79 1.00 
Y (5) .79 .96 1.00 
Y (6) .79 .95 .95 1.00 
Y (7) .72 .82 .81 .84 1.00 
Y (8) .69 .77 .76 .77 .73 1.00 
Y (9) .75 .77 .78 .80 .78 .73 1.00 
Y(10) .78 .78 .77 .80 .73 .73 .71 1.00 
Y(ll) .80 .94 .95 .97 .82 .78 .83 .82 1.00 
Y(15) .60 .71 .74 .77 .65 .65 .68 .70 .79 1.00 
Y(16) .61 .70 .70 .70 .68 .56 .63 .57 .70 .53 1.00 
Y(17) .23 .37 .34 .43 .43 .47 .35 .29 .43 .31 .54 1.00 
Y(18) .24 .32 .32 .30 .21 .35 .20 .20 .30 .22 .30 .47 1.00 
Y(19) .57 .69 .67 .65 .53 .56 .58 .56 .68 .52 .47 .34 .50 1.00 
Y(20) .51 .55 .63 .57 .55 .37 .42 .42 .56 .50 .49 .11 .36 .23 
Y(22) .80 .94 .97 .91 .78 .75 .74 .78 .91 .69 .67 .31 .37 .68 
Y(24) .68 .74 .76 .76 .56 .47 .61 .56 .77 .59 .56 .12 .02 .49 
Y(29) .03 .26 .29 .28 .15 .08 .18 -.31 .30 .15 .21 .22 .17 .20 
Y(30) -.31 .29 .34 .26 .16 .12 .05 .00 .25 .23 .15 .18 .13 .16 
Y(31) .38 .55 .62 .53 .37 -.03 .32 .31 .52 .35 .40 -.04 .07 .36 
Y(32) .17 .40 .40 .40 .17 .18 -.18 .27 .41 .28 .20 .18 .20 .24 
Y(33) .17 .28 .29 .33 -.23 .11 .08 .16 .31 .26 .07 .03 .16 .25 
Y(36) 
-.47 -.38 -.38 -.40 -.51 -.45 -.85 -.39 -.41 -.36 -.36 -.15 -.02 -.30 
i weight at time of last photograph, r >.309 for P <.01; r >.237 for 
(171 Yfl8) Y(19) YC20) Yf22) Yf24) YC29) YpO) Y(31) Y(32) Y(33) Y(36) 
. 0 0  
.47 1.00 
.34 .50 1.00 
.11 .36 .23 1.00 
.31 .37 .68 .62 1.00 
.12 .02 .49 .52 .71 1.00 
.22 .17 .20 .22 .21 .33 1.00 
.18 .13 .16 .20 .28 .14 .41 1.00 
.04 .07 .36 .52 .60 .62 .35 .38 1.00 
.18 .20 .24 .30 .39 .36 .23 .36 .40 1.00 
.03 .16 .25 .07 .27 .40 .24 .19 .32 .42 
.15 -.02 -.30 -.16 -.35 -.28 -.03 .14 -.04 • 66 
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C(l) C(2) C(3) C(4) C(5) C(6) C(7) C(8) C(9) 
Live weight C (1) 1.00 
Dressed wt. right side C (2) .95 1.00 
Loin eye area C (3) .59 .64 1.00 
Fat over loin eye C (4) .06 .18 -.10 1.00 
Weight of fore quarter C (5) .94 .98 .59 .20 1.00 
Weight of rib C (6) .79 .84 .47 .24 .84 1.00 
Weight of chuck C (7) .90 .93 .59 .11 .94 .69 1.00 
Weight of shank C (8) .84 .77 .43 -.10 .75 .57 .75 1.00 
Weight of brisket C (9) .51 .53 .29 .21 . 60 .41 .45 .37 1.00 
Weight of plate C(10) .77 .82 .49 .34 .87 .77 .71 .55 .51 
Weight of hind quarter C(ll) .92 .97 .67 .15 .90 .79 .87 .74 .44 
Weight of flank C(12) .59 .69 .36 .43 .65 .60 .60 .30 .35 
Weight of sirloin C(13) .85 .87 .56 .06 .81 ,72 .79 .76 .43 
Weight of rump C(14) .82 .83 . 60 -.03 .77 .62 .78 .74 .41 
Weight of round C(15) .87 .86 .56 -.10 .81 .70 .83 .85 .32 
Weight of short loin C(16) .76 .82 .59 .19 .75 .67 .73 .55 .31 
Percent lean C(17) .10 .00 .27 -.62 -.02 -.05 .04 .21 -.12 
Percent fat C(18) -.15 -.01 -.25 .68 .00 .05 -.07 -.34 .11 
Percent bone C(19) .19 .04 .10 -.47 .05 -.02 .81 .44 -.02 
Dressing percent C(20) .28 .49 .37 .32 .47 .46 .45 .18 .24 
Total fat trim weight C(21) .46 .59 .26 . 66 .60 .56 .50 .14 .42 
Without kidney fat C(22) .44 .56 .20 .63 .59 .53 .51 .15 .42 
Weight of lean trim G(23) .81 .78 .51 -.05 .76 .62 .73 .73 .47 
Weight of excess bone C(24) .76 .69 .50 -.25 .66 .44 .69 .86 .37 
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ons between carcass variables, r >.309 for P < . 01; r > .237 for P < .05 
C(l) C(2) C(3) C(4) C(5) C(6) C(7) C(8) C(9) C(10) C(ll) C(12) C(13) C 
(1) 1.00 
(2) .95 1.00 
(3) .59 .64 1.00 
(4) .06 .18 -.10 1.00 
(5) .94 .98 .59 .20 1.00 
(6) .79 .84 .47 .24 .84 1.00 
(7) .90 .93 .59 .11 .94 .69 1.00 
(8) .84 .77 .43 -.10 .75 .57 .75 1.00 
(9) .51 .53 .29 .21 .60 .41 .45 .37 1.00 
10) .77 .82 .49 .34 .87 .77 .71 .55 .51 1.00 
11) .92 .97 .67 .15 .90 .79 .87 .74 .44 .74 1.00 
12) .59 .69 .36 .43 .65 .60 .60 .30 .35 . 66 .70 1.00 
13) .85 .87 .56 .06 .81 .72 .79 .76 .43 .61 .89 .56 1.00 
L4) .82 .83 . 60 -.03 .77 .62 .78 .74 .41 .56 .85 .52 .75 1 
L5) .87 .86 .56 -.10 .81 .70 .83 .85 .32 .56 .87 .41 .80 
L6) .76 .82 .59 .19 .75 .67 .73 .55 .31 .68 .85 .58 .74 
L7) .10 .00 .27 -.62 -.02 -.05 .04 .21 -.12 -.13 .03 -.31 .06 
.8) -.15 -.01 -.25 .68 .00 .05 -.07 -.34 .11 .16 -.03 .39 -.11 -, 
-9) .19 .04 .10 -.47 .05 -.02 .81 .44 -.02 -.14 .02 -.35 .16 
:o) .28 .49 .37 .32 .47 .46 .45 .18 .24 .45 .47 .45 .42 
•1) .46 .59 .26 . 66 .60 .56 .50 .14 .42 .69 .55 .76 .39 
:2) .44 .56 .20 .63 .59 .53 .51 .15 .42 . 66 .50 .75 .37 
3) .81 .78 .51 -.05 .76 .62 .73 .73 .47 .61 .76 .38 .71 
4) .76 .69 .50 -.25 . 66 .44 .69 .86 .37 .42 .68 .17 .70 
i .237 for P < .05 
C(10) C(ll) C(12) C(13) C(14) C(15) C(16) C(17) C(18) C(19) C(20) C(21) C(22) C(23) C(24) 
1.00 
.74 
.  66 
.61 
.56 
.56 
. 68  
-.13 
.16  
-.14 
.45 
.69 
.  66 
.61 
.42 
1.00 
.70 
.89 
.85 
.87 
.85 
.03 
-.03 
.02 
.47 
.55 
.50 
.76 
. 68  
1.00 
.56 
.52 
.41 
.58 
-.31 
.39 
-.35 
.45 
.76 
.75 
.38 
.17 
1.00 
.75 
. 80  
.74 
.06  
- . 1 1  
. 16  
.42 
.39 
.37 
.71 
.70 
1.00 
.80  
.79 
.15 
-.20 
. 21  
.35 
.33 
.34 
. 6 8  
.71 
1.00 
.69 1.00 
.21 -.04 1.00 
-.29 .06 -.93 1.00 
.33 -.06 .32 -.64 1.00 
.29 .40 -.23 .35 -.43 1.00 
.24 ,55 -.62 .71 -.53 .56 1.00 
.26 .53 -.64 .69 -.46 .53 .97 1.00 
.73 .60 .27 -.28 .16 .27 .19 .14 1.00 
.81 .51 .28 -.45 .59 .03 .00 .00 .65 1.00 
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Table 10. Simple correlations between width (Z) variables, r >.309 for 
P < .01; r > .237 for P < .05 
Z(2) Z(3) Z(4) Z(7) Z(10) Z(2U) 
Z (2) 1.00 
Z (3) .46 1.00 
Z (4) .08 .34 1.00 
z (7) .32 .35 .61 1.00 
Z(10) .27 .17 .39 .47 1.00 
Live weight .25 .04 .17 .30 .41 
with small mean values. 
The simple correlation coefficients found in this study generally 
agree with those reported in the literature. The correlations between 
linear measurements and live weight and between live weight and carcass 
characteristics are mostly large. The relations between live weight and 
weights of carcass parts are higher than those of live weight with per­
centages of the carcass. The correlations of weights of cuts with live 
weight range from .44 for weight of total fat trim less kidney fat to .95 
for dressed weight of the right side of the carcass. The correlation co­
efficient between live weight and percent lean in the carcass is the low­
est of the correlations between live weight and any carcass measurements 
(r = .10). Percent fat in the carcass has a low negative correlation of 
-.15 with live weight. Weight of total fat trim is fairly highly corre­
lated with live weight, having a correlation coefficient of .46. 
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It is apparent that there will be some automatic relationship between 
different linear measurements on living animals just because of body size 
and weight. A large, heavy animal will have larger body measurements than 
a smaller, light animal. In particular this will be true for measurements 
within a dimension. Correlation coefficients estimated from a group of 
animals varying in weight will, therefore, not be the same as if they had 
been estimated from a group of uniform weight. Live weight in this 
analysis has a standard deviation of 104 pounds and this fact, along with 
the high correlation coefficients of the other variables with live weight, 
suggests that it contributes to the variances and covariances, and thereby 
influences the simple correlation coefficients. 
Partial correlation coefficients 
In order to remove that part of the correlation between variables 
caused by their relationship to live weight, the partial correlation co­
efficients with live weight held constant were computed. This essentially 
removes differences in general size, leaving variances and covariances in 
body form to contribute to the partial correlations. The partial correla­
tion coefficients are given in Tables 11 through 14. The relationship of 
live weight to body form is not linear over the entire life time of an ani­
mal but it is believed that for the range in weight included in this study 
it is not far from linear. It is known that as an animal increases in live 
weight the amounts added to the forequarter and hindquarter are not the 
same. As extreme fatness is approached,relatively more weight is added to 
the forequarter. The fact that the correlation coefficient between the 
weight of the forequarter and live weight (.94) is almost the same as that 
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between hindquarter and live weight (.92) suggests that the steers used in 
the present analysis had not reached the point where the relative propor­
tions of the quarters were changing. The partial correlation coefficient, 
when the value of the variable held constant depends to a degree on the 
value of the other variables involved, will introduce some negativity. 
For example, the simple correlation coefficient between X(10), the length 
of the body from extreme rear to widest shoulder, and Y(31), the depth of 
the rear flank, is .51. But when the influence of live weight is removed 
by holding it constant, the partial correlation coefficient is .07. 
In general, for the measurements in this analysis that are the same 
as or similar to those made by other workers, there is varying agreement 
of the partial correlation coefficients with those previously reported. 
Many of the results of the work done in the past have been reported as 
simple correlation coefficients although a few workers calculated partial 
correlation coefficients and a few obtained correlation coefficients based 
on data from animals with little variation in slaughter weight. Kohli 
et al. (1951) with 137 steers of almost perfectly uniform slaughter weight 
(900 + .82 pounds) found low correlations between live animal measurements 
similar to some used in this analysis. They reported that correlations be­
tween width of shoulder and height at withers and height at floor of chest 
were -.25 and -.18, respectively. Those between length of body and height 
at withers, height at floor of chest, and width of shoulder were .38, .23, 
and .07, respectively. In the present study, although the values are not 
the same, the partial correlation coefficients between these measurements 
are generally low. The greatest difference in coefficients is in the cor­
relation between length of body and width of shoulder which is -.37 here. 
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This may be due to the difference in where the shoulder measurement was 
taken. The width of shoulder in the study by Kohli et al. was taken at 
the shoulder point whereas the measurement in this study was taken where 
the shoulder was widest. Cook et al. (1951), using the same steers as 
Kohli et al., reported that correlation coefficients between dressing per­
cent and height at withers, height at floor of chest, width of shoulder, 
and length of body were -.20, -.18, .08, and -.22, respectively. Those 
found in this study for the same characteristics were -.06, -.13, .17, and 
-.22, agreeing in sign and the generally small magnitude. The steers used 
by Black et al. (1938) had a standard deviation of live weight of 20 
pounds with an average slaughter weight of 900 pounds. Their correlation 
coefficients were larger than those found here but in general the signs of 
the coefficients agree. 
Cole et al. (1960) reported a correlation between weight of carcass 
bone and separable carcass lean of .75. The partial correlation coeffi­
cients between trimmed bone weights of the metacarpus and tibia with car­
cass measurements of leanness reported by Wythe et al. (1961) ranged from 
.49 to .73 suggesting a significant relationship between bone and muscling. 
In the present study the partial correlation coefficients between percent 
lean and weight of excess bone (bone removed from retail cuts) and percent 
bone in the carcass are both .31 and these are among the highest partial 
correlations of bone with other carcass characteristics. The partial 
correlation between percent bone and percent fat in the carcass is -.63. 
Green (1954) reported a partial correlation coefficient of .45 
between width of shoulder and the combined weights of round, trimmed 
loin and rib, regular chuck, brisket, and shank. The correlation 
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coefficient reported by Black et al. (1938) between width of shoulder and 
dressing percent was .38 and that between width of shoulder and percent 
fat in the carcass was .41. But they also found that the correlation be­
tween width of shoulder and percent edible portion was .44. This was the 
highest correlation coefficient between width of shoulder and any carcass 
measurement. Yao et al. (1953) with data from 900-pound steers reported 
that the correlation coefficients between dressing percent and width of 
shoulder and depth of chest, which were .21 and .18, respectively, were 
the highest correlations between dressing percent and any other live ani­
mal measurements. Those not correlated as highly were height at withers, 
height at floor of chest, height at flank, length of body, width of loin, 
and width of hips. Cook et al. (1951) did not find width of shoulder high­
ly correlated with dressing percent, reporting that the correlation coeffi­
cient was .08. This, though, was the only one of the correlations between 
dressing percent and height at withers, height at floor of chest, width of 
shoulder, and length of body which was positive. The correlation coeffi­
cients in the present study involving width of shoulder with carcass meas­
urements suggest that it is more closely related to fat content than to 
lean. Shoulder width has a partial correlation coefficient of .17 with 
dressing percent which is more closely related to percent fat (r = .41) 
than to percent lean (r = -.27). It is the only width measurement posi­
tively correlated with dressing percent. Width of shoulder has a positive 
partial correlation of .12 with percent fat and a negative partial correla­
tion of -.08 with percent lean. These relationships admittedly are not 
high but they do at least suggest that width of shoulder may be associated 
with the fat content of the carcass. The sign of the relationships and 
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their biological meanings are the important considerations here rather 
than the statistical significance. 
The ratio of chest depth to wither height, where chest depth is the 
distance from point 12 to point 10, is another of the variables in the 
present study which seems to be fairly highly correlated with fat in the 
carcass. The partial correlation coefficients of this ratio with percent 
fat, weight of total fat trim, percent lean, and weight of lean trim are 
.22, .38, -.08, and -.07, respectively. That is, this ratio has fairly 
high positive partial correlations with measures of fat but small negative 
partial correlations with measures of lean. This relationship to fatness 
was also found by Kidwell (1955) who reported a correlation of -.44 be­
tween dressing percent and a ratio of height at withers to heart girth (of 
which a large part is depth of chest). Lush (1928) found that the ratio 
of chest girth to wither height was the most useful measurement in his 
study for. indicating fatness. His correlation coefficient between the 
ratio and fatness was .563. 
Some of the correlation coefficients which have been discussed (among 
the many which might have been) are those which were found here and by 
others to be indicative of certain carcass characteristics. A knowledge 
of these relationships can be used to advantage when the loadings of the 
variables on the respective principal components are examined and an 
attempt is made to assign a descriptive name to a component based on the 
relative loadings of the variables on the component in question. 
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Table 11. Partial correlations between length (X) variables with live weight held constant. 
r > .243 for P < .05; r > .316 for P <.01 
X 
Vari-
able XC2) X(3) X(4) X(7) X(8) X(9) XClO) X(15) X(20) X(22) X(29) X(30) X(31) X(32) X(34) X(35) 
X (2) 1.00 
X (3) .53 1.00 
X (4) .55 .74 1.00 
X (7) .42 .54 .54 1.00 
X (8) .28 .40 .40 .40 1.00 
X (9) .26 .30 .29 .57 .21 1.00 
X(10) .52 .47 .49 .62 .32 .85 1.00 
X(15) .29 .49 .43 .60 .24 .80 .80 1.00 
X(20) .46 .43 .25 .27 .43 .21 .26 .12 1.00 
X(22) .49 .24 .31 .22 .01 .27 .37 .23 .10 1.00 
X(29) -.50 .04 .02 .57 .12 .32 .12 .31 -.16 -.23 1.00 
X(30) -.12 .03 .19 .16 .63 .03 .10 .14 -.43 -.07 .26 1.00 
X(31) .13 -.07 -.05 -.43 -.08 .32 .45 .24 -.01 .18 -.52 -. 06 1.00 
X(32) -.19 -.69 -.01 -.22 -.15 -.13 -.18 -.27 -.37 -.02 -.04 .16 .05 
X(34) .97 .48 .52 .35 .24 .14 .40 .20 .45 .46 -.55 -.16 .06 
X(35) .38 .62 .91 .32 .31 -.07 .08 .10 .18 .18 -.04 .16 -.27 .06 .41 1.00 
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Table 12. Partial correlations between height measurements vith live weight held constant, r > 
Y(2) Y(3) Y(5) Y(6) Y(7) Y(8) Y(9) YClO) Yfll) Yd5) YC16) Y(17) Y(18) Y(W Y(20) Yf2: 
Y (2) 1.00 
Y (3) .57 1.00 
Y (5) .57 .91 1.00 
Y (6) .58 .89 .88 1.00 
Y (7) .56 .74 .73 .78 1.00 
Y (8) .58 .72 .71 .72 .64 1.00 
Y (9) .58 .59 .61 .65 .67 .63 1.00 
Y(10) .65 .65 .63 .68 .60 .63 .56 1.00 
Y(ll) .58 .86 .88 .93 .74 .74 .70 .72 . 1.00 
Y(15) .34 .50 .55 .62 .48 .52 .49 .55 .65 1.00 
Y(16) .38 .51 .51 .52 .54 .41 .45 .38 .52 .30 1.00 
Y(17) .20 .42 .39 .52 .43 .47 .35 .27 .52 .30 .57 1.00 
Y(18) .31 .46 .48 .44 .24 .39 .24 .23 .45 .26 .35 .47 1.00 
Y(19) .38 .55 .53 .50 .36 .44 .41 .39 .55 .32 .27 .33 .57 1.00 
Y(20) .25 .29 .43 .33 .37 .18 .15 .19 .30 .28 .29 .05 .41 -.02 1.00 
Y(22) .62 .86 .95 .80 .66 .67 .55 .65 .81 .47 .46 .32 .51 .54 .42 1.0 
Y(29) -.29 .02 .06 .04 -.05 -.09 -.03 -.64 ..07 -.06 .04 .19 .17 .04 .06 -.0 
Y(30) -.56 .28 .36 .24 .10 .06 -.04 -.10 .23 .18 .09 .16 .13 .11 .15 .2 
Y(31) -.07 .18 .30 .13 .04 -.46 -.09 -.06 .10 -.02 .10 -.14 .08 .08 .30 .2 
Y(32) «.11 .21 .21 .21 -.04 .01 -.54 .08 .22 .10 .01 .14 .21 .09 .14 ,2 
Y(33) -.15 -.03 -.02 .05 -.59 -.09 -.23 -.08 .01 .03 -.20 -.02 .17 .07 -.17 -.C 
Y(36) -.40 -.26 -.26 -.30 -.44 -.38 -.89 -.30 -.32 -.25 -.26 .12 -.01 -.19 -.02 -.2 
Lth live weight held constant, r >.243 for P < .05; r > .316 for P <.01 
) ¥(16) Y(17) Y(18) Y(19) Y(20) Y(22) Y(29) Y(30) Y(31) YC32) Y(33) Y(36) 
1.00 
.57 1.00 
.35 .47 1.00 
.27 .33 .57 
.29 .05 .41 
.46 .32 .51 
.04 .19 .17 
.09 .16 .13 
.10 -.14 .08 
.01 .14 .21 
-.20 -.02 .17 
-.26 .12 -.01 
1 .00  
-.02 1.00 
.54 .42 1.00 
.04 .06 -.05 
.11 .15 .26 
.08 .30 .29 
.09 .14 ,21 
.07 -.17 -.02 
-.19 -.02 -.22 
1.00 
.39 1.00 
.19 .38 1.00 
.12 .33 .24 
.12 ,15 .10 
.08 .19 .18 
1.00 
.32 1.00 
.85 .32 1.00 
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Table 13. Partial correlations between width (Z) variables with weight 
held constant, r >.243 for P < . 05 ; r>.316 for P < . 01 
Z(2) Z(3) Z(4) Z(7) Z(10) 
z (2) 1.00 
Z (3) .47 1.00 
Z (4) .04 .34 o 
o
 
I—1 
Z (7) .26 .35 .59 1.00 
Z(10) .19 .17 .36 .40 
1 
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Table 14. Partial correlations between carcass variables with live weight held constant, r 
C(2) C(3) C(4) C(5) C(6) C(7) C(8) C(9) C(10) C(ll) C(12) ( 
Dressed wt. right side C (2) 1.00 
Loin eye area C (3) .34 1.00 
Fat over loin eye C (4) .42 -.17 1.00 
Weight of fore quarter C (5) .78 .13 .43 1.00 
Weight of rib C (6) .44 .00 .31 .45 1.00 
Weight of chuck C (7) .57 .17 .13 . 66 -.08 1.00 
Weight of shank C (8) -.24 -.16 -.30 -.20 -.32 -.03 1.00 
Weight of brisket C (9) .18 -.01 .20 .41 .02 -.03 -.13 1.00 
Weight of plate C(10) .49 .08 .46 .67 .42 .10 -.30 .22 1.00 
Weight of hind quarter G(ll) .80 .39 .24 .25 .25 .25 -.18 -.10 .12 1.00 
Weight of flank C(il2) .53 .01 .49 .34 .26 .18 -.45 .07 .39 .49 1.00 
Weight of sirloin C(13) .38 .14 .01 .06 .13 .09 .15 .00 -.13 .51 .13 
Weight of rump C(14) .30 .24 -.14 .04 -.07 .18 .18 -.01 -.17 .44 .07 
Weight of round C(15) .20 .10 -.32 -.04 .04 .20 .44 -.28 -.33 .35 -.26 
Weight of short loin C(16) .49 .27 .22 .16 .15 .14 -.29 -.15 .22 .59 .26 
Percent lean C(17) -.33 .26 -.63 -.34 -.22 -.11 .24 -.21 -.33 -.17 -.46 
Percent fat C(18) .45 -.20 .70 .43 .29 .15 -.40 .22 .44 .29 .60 
Percent bone C(19) -.50 -.02 -. 49 -.39 -.29 -.16 .53 -.14 -.45 -.40 -.59 
Dressing percent C(20) .77 .27 .32 .64 .41 .47 -.11 .12 .39 .58 .37 
Total fat trim weight C(21) .59 -.01 .72 .56 .36 .24 -.53 .24 .60 .37 .69 
Without kidney fat C(22) .55 -.08 .67 .59 .34 .29 -.44 .26 .56 .29 .68 
Weight of lean trim 0(23) .05 .08 -.16 .04 -.07 .03 .15 .12 -.03 .07 -.21 
Weight of excess bone C(24) -.20 .09 - .46 
-.24 -.40 .04 .63 -.04 -.04 -.07 -.52 
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3 between carcass variables with live weight held constant, r >.243 for P < .05; 
:(2) C(3) C(4) C(5) C(6) C(7) C(8) C(9) C(10) C(ll) C(12) C(13) 0(14) Cfl5 
1.00 
.34 1.00 
.42 -.17 1.00 
.78 .13 .43 1.00 
.44 .00 .31 .45 1.00 
.57 .17 .13 . 66 -.08 1.00 
.24 -.16 -.30 -.20 -.32 -.03 1.00 
.18 -.01 .20 .41 .02 -.03 -.13 1.00 
.49 .08 .46 .67 .42 .10 -.30 .22 1.00 
.80 .39 .24 .25 .25 .25 -.18 -.10 .12 1.00 
.53 .01 .49 .34 .26 .18 -.45 .07 .39 .49 1.00 
.38 .14 .01 .06 .13 .09 .15 .00 -.13 .51 .13 1.00 
.30 .24 -.14 .04 -.07 .18 .18 -.01 -.17 .44 .07 .18 1.00 
.20 .10 -.32 -.04 .04 .20 .44 -.28 -.33 .35 -.26 .21 .33 1.00 
.49 .27 .22 .16 .15 .14 -.29 -.15 .22 .59 .26 .25 .17 .08 
.33 .26 -.63 -.34 -.22 -.11 .24 -.21 -.33 -.17 -.46 -.04 .12 .24 
.45 -.20 .70 .43 .29 .15 -.40 .22 .44 .29 .60 .04 -.14 -.33 
.50 -.02 -. 49 -.39 -.29 -.16 .53 -.14 -.45 -.40 -.59 -.01 .10 .35 
.77 .27 .32 .64 .41 .47 -.11 .12 .39 .58 .37 .36 .22 .10 
.59 -.01 .72 .56 .36 .24 -.53 .24 .60 .37 .69 .00 -.08 -.37 
.55 -.08 .67 .59 .34 .29 -.44 .26 .56 .29 .68 -.01 -.02 -.27 
.05 .08 -.16 .04 -.07 .03 .15 .12 -.03 .07 -.21 .06 .05 .09 
.20 .09 - .46 -.24 - .40 .04 .63 -.04 -.04 -.07 -.52 .16 .24 .46 
t held constant, r >.243 for P < .05; r > .316 for P <.01 
(9) cqo) C(ll) C(12) C(13) C(14) C(15) C(16) C(17) C(18) C(19) 0(20) c(2l) C(2 
. 22  1 .00  
.10 .12 1.00 
.07 .39 .49 1.00 
.00 -.13 .51 .13 1.00 
.01 -.17 .44 .07 .18 1.00 
.28 -.33 .35 -.26 .21 .33 1.00 
.15 .22 .59 .26 .25 .17 .08 1.00 
.21 -.33 -.17 -.46 -.04 .12 .24 -.19 1.00 
.22 .44 .29 .60 .04 -.14 -.33 .28 -.93 1.00 
.14 -.45 -.40 -.59 -.01 .10 .35 -.32 .31 -.63 1.00 
.12 .39 .58 .37 .36 .22 .10 .30 -.27 .41 -.51 1.00 
CM 
.60 .37 .69 .00 -.08 -.37 .34 -.76 .89 -.71 .51 1.00 
.26 .56 .29 .68 -.01 -.02 -.27 .34 -.76 .86 -.61 .48 .96 1.00 
.12 -.03 .07 -.21 .06 .05 .09 -.04 .32 -.26 .01 .08 -.34 -.40 
.04 -.04 
-.07 -.52 .16 .24 .46 -.17 .31 -.52 .70 -.29 -.60 -.55 
.243 for P < .05; r > .316 for P < .01 
C(13) G(14) C(15) C(16) C(17) C(18) C(19) C(20) C(21) C(22) C(23) C(24) 
1.00 
. 18  
. 21  
.25 
-.04 
.04 
- . 0 1  
.36 
.00 
- . 0 1  
.06 
.16  
1.00  
.33 
.17 
. 1 2  
-.14 
.10 
. 2 2  
-.08 
-.02 
.05 
.24 
1.00 
.08 1.00 
.24 -.19 1.00 
-.33 .28 -.93 1.00 
.35 -.32 .31 -.63 1.00 
.10 .30 -.27 .41 -.51 1.00 
.34 -.76 .89 -.71 .51 1.00 
.86 -.61 .48 
-.37 
-.27 
.09 
.34 -.76 .96 1.00 
.04 .32 -.26 .01 .08 -.34 -.40 1.00 
.46 -.17 .31 -.52 .70 -.29 -.60 -.55 .09 1.00 
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Table 15. Partial correlations between length (X) variables and height (Y) variables with live wi 
r >.243 for P < .05: r > .316 for P < .01 
Y 
Y(2) Y(3) Y(5) Y(6) Y(7) Y(8) Y(9) Y(10) Y(ll) Y(15) Y(16) Y(17) Y(18) Y(19) Y(20) Y, 
X ; 
X (2) .39 .34 .23 .25 .12 :33 .36 .32 .27 .02 .19 .14 .10 .14 -.25 
X (3) .12 ,51 .42 .31 .14 .34 .22 .17 .35 .19 .14 .18 .26 .36 -.27 
X (4) .19 .43 .32 .22 .12 .27 .25 .13 .24 .09 .02 .03 .26 .33 -.08 
X (7) .05 .48 .49 .37 .21 .17 .25 .23 .43 .20 .24 .00 .09 .16 .02 
X (8) .21 .43 .42 .36 .52 .29 .40 .23 .41 .25 .23 .14 -.04 .10 .12 
X (9) .13 .23 .26 .16 .17 .14 .24 .23 .18 .36 .10 -.21 -.07 .02 -.02 
X(10) .24 .35 .33 .25 .21 .26 .37 .25 .28 .30 .19 .01 .10 .06 -.07 
X(15) .09 .39 .39 .29 .26 .15 .30 .24 .30 .44 .18 .01 .14 .15 .08 
X(20) .09 .23 .12 .16 .10 .23 .29 .24 .19 .02 .14 .16 -.35 .05 -.56 
X(22) .22 .12 .03 -.05 -.11 .09 -.10 .18 -.02 -.14 -.09 -.19 .17 .09 -.09 
X(29) -.31 .15 .26 .12 .10 -.14 -.09 -.07 .17 .17 .06 -.13 -.01 .03 .25 
X(30) .14 .23 .32 .23 .43 ,10 .15 .02 ,25 .23 .12 .00 .26 .06 .61 
X(31) .22 -.14 -.18 -.13 .00 .10 .14 .02 -.17 .13 -.06 .02 .01 -.11 -.11 -
X(32) .03 -.30 -.28 -.23 -.08 -.22 -.06 -.11 -.26 -.18 -.19 -.24 -,11 -.18 .31 -
X(34) .37 .31 .20 .24 .09 .32 .33 .30 .26 -.01 ,19 .19 .11 .16 -.26 
X(35) .11 .34 .23 .15 .05 .20 .12 .05 .15 -.04 -.04 .05 .25 .34 -.04 
50 
correlations between length (X) variables and height (Y) variables with live weight held coi 
3 for P < .05; r > .316 for P < .01 
Y(5) Y(6) Y(7) Y(8) Y(9) Y(10) Y(ll) Y(15) Y(16) Y(17) Y(18) Y(19) Y(20) Y(22) Y(29) Y(: 
.23 .25 .12 :33 .36 .32 .27 .02 .19 .14 .10 .14 -.25 .28 -.17 
.42 .31 .14 .34 .22 .17 .35 .19 .14 .18 .26 .36 -.27 .41 .13 
.32 .22 .12 .27 .25 .13 .24 .09 .02 .03 .26 .33 -.08 .35 .07 
.49 .37 .21 .17 .25 .23 .43 .20 .24 .00 .09 .16 .02 .44 .15 
.42 .36 .52 .29 .40 .23 .41 .25 .23 .14 -.04 .10 .12 .38 .13 
.26 .16 .17 .14 .24 .23 .18 .36 .10 -.21 -.07 .02 -.02 .24 -.13 
.33 .25 .21 .26 .37 .25 .28 .30 .19 .01 .10 .06 -.07 .34 -.05 
.39 .29 .26 .15 .30 .24 .30 .44 .18 .01 .14 .15 .08 .37 -.01 
.12 .16 .10 .23 .29 .24 .19 .02 .14 .16 -.35 .05 -.56 .08 -.14 
.03 -.05 -.11 .09 -.10 .18 -.02 -.14 -.09 -.19 .17 .09 -.09 .23 -.29 
.26 .12 .10 -.14 -.09 -.07 .17 .17 .06 -.13 -.01 .03 .25 .17 .29 
.32 .23 .43 .10 .15 .02 .25 .23 .12 .00 .26 .06 .61 .31 .25 
.18 -.13 .00 .10 .14 .02 -.17 .13 -.06 .02 .01 -.11 -.11 -.11 -.22 
.28 -.23 -.08 -.22 -.06 -.11 -.26 -.18 -.19 -.24 -.11 -.18 .31 -.24 -.12 
.20 .24 .09 .32 .33 .30 .26 -.01 .19 .19 .11 .16 -.26 .25 -.15 
.23 .15 .05 .20 .12 .05 .15 -.04 -.04 .05 .25 .34 -.04 .25 .10 
eight (Y) variables with live weight held constant. 
Y(16) Y(17) Y(18) Y(19) Y(20) Y(22) Y(29) Y(30) Y(31) Y(32) Y(33) Y(36) 
.19 .14 .10 .14 -.25 .28 -.17 -.21 -.16 -.17 .14 -.29 
.14 .18 .26 .36 -.27 .41 .13 .30 .07 .10 .18 -.06 
.02 .03 .26 .33 -.08 .35 .07 .12 .05 -. 06 .09 -.17 
.24 .00 .09 .16 .02 .44 .15 .45 .39 .17 .13 -.06 
.23 .14 -.04 .10 .12 .38 .13 .19 .14 -.06 -.36 -.29 
.10 -.21 -.07 .02 -.02 .24 -.13 .11 .13 -.12 -.06 -.23 
.19 .01 .10 .06 -.07 .34 -.05 .07 .07 -.17 -.02 -.33 
.18 .01 .14 .15 .08 .37 -.01 .30 .29 -.07 -.04 -.23 
.14 .16 -.35 .05 -.56 .08 -.14 .02 -.16 -.18 .04 -.28 
-.09 -.19 .17 .09 -.09 .23 -.29 -.22 -.09 .12 .11 .13 
.06 -.13 -.01 .03 .25 .17 .29 .62 .51 .32 .00 .20 
.12 .00 .26 .06 .61 .31 .25 .17 .27 .10 -.39 -.05 
-.06 .02 .01 -.11 -.11 -.11 -.22 -.43 -.37 -.40- -.17 -.30 
-.19 -.24 -.11 -.18 .31 -.24 -.12 -.31 -.05 -.22 -.16 -.10-
,19 .19 .11 .16 -.26 .25 -.15 -.22 -.18 -.15 .17 -.27 
-.04 .05 .25 .34 -.04 .25 .10 .11 .02 .02 .11 -.04 
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Table 16. Partial correlations between length (X) variables and width (Z) 
variables with live weight held constant, r > .243 for 
P < .05; r > .316 for P < .01 
z 
X 
Z(2) Z(3) Z(4) Z(7) Z(10 
X (2) .57 .26 -.28 -.12 -.05 
X (3) .36 -.08 -.24 -.20 -.08 
X (4) ,26 .00 -.36 -.23 -.11 
X (7) .10 -.01 -.30 -.36 -.22 
X (8) .10 -.16 .02 -.15 -.04 
X (9) .09 .05 -.24 -.24 -.47 
X(10) .30 .21 -.28 -.18 -.37 
X(15) .17 .02 -.24 -.22 -.29 
X(20) .25 .07 -.17 -.28 -.02 
X(22) .31 . .03 -.36 -.02 -.40 
X(29) -.42 -.25 -.03 -.23 -.16 
X(30) -.11 -.22 .17 .10 -.03 
X(31) .23 .25 ,01 .20 -.18 
X(32) -.25 .12 -.04 .04 .01 
X(34) .56 .25 -.25 -.13 -.01 
X(35) .15 -.09 -.27 -.18 .05 
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Table 17. Partial correlations between height (Y) variables and width (Z) 
variables with live weight held constant, r > .243 for P < ,05; 
r > .316 for P < .01 
z 
Y 
Z(2) Z(3) Z(4) Z(7) Z(10: 
Y (2) .10 .11 -.01 .00 -,22 
Y (3) .07 -.11 -.21 -.27 -,18 
Y (5) .04 -.01 .01 -.19 -,15 
Y (6) .05 .04 ,01 -.20 -.12 
Y (7) -.04 -.10 ,01 -.18 -,14 
Y (8) .26 .06 -.11 -.13 -,04 
Y (9) .23 ,14 -.01 -.20 .01 
Y(10) .12 .12 -.09 -.12 -.29 
Y(ll) .07 .02 .00 -,17 -.04 
Y(15) .00 -.03 .07 -,02 -.05 
Y (16) -.08 -.07 .02 . -.22 -.09 
Y(17) .07 .06 .13 -.08 .19 
Y<18) .14 .08 .01 .07 .03 
Y(19) .12 -.05 -,01 .08 -.01 
Y (20) -.34 -.12 ,15 -.03 -.08 
Y(22) .07 -.01 .01 -.12 • -.24 
Y(29) -.10 -.15 .12 -.02 .37 
Y(30) -.08 -,14 .01 -.19 .09 
Y(31) -.31 -.09 .15 -.07 -.14 
Y (32) -.24 -,17 .01 .06 -.06 
Y(33) .13 .20 ,00 ,02 .06 
Y(36) -.26 -.18 .04 ,18 -.02 
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Table 18. Partial correlations between carcass variables and length (X) variables with li 
r > .243 for P < .05; r > .316 for P <.01 
X(2) X(3) X(4) X(7) X(8) X(9) XClO X(20) X( 
Dressed weight right side G (2) -.01 .18 .07 .11 -.25 .00 -.02 .09 .01 
Loin eye area C (3) -.05 .24 .13 .13 -.14 .11 .03 .21 -.18 -. 
Fat over loin eye C (4) -.02 -.17 -.16 -.16 -.38 -.32 -.27 -.26 - ..06 
Weight of fore quarter C (5) -.11 -.04 -.07 -.03 -.16 -.17 -.20 -.11 .00 -, 
Weight of rib C (6) -.07 .04 -.06 -.04 -.13 -.06 -.18 -.03 -.02 
Weight of chuck C (7) -.17 -.02 .05 .08 .07 -.04 -.02 .04 .02 -. 
Weight of shank C (8) .13 .04 .12 .11 .45 .21 .24 .17 .10 -. 
Weight of brisket C (9) .13 -.11 -.08 -.05 -.11 -.14 -.07 -.20 .00 -.' 
Weight of plate C(10) -.07 -.01 -.15 -.12 -.38 -.25 -.30 -.19 -.01 
Weight of hind quarter C(ll) .09 .32 .16 .20 -.23 .17 .16 .24 .02 
Weight of flank C(12) .01 .01 -.12 -.03 -.43 -.08 -.06 -.09 -.02 .1 
Weight of sirloin G(13) ,20 .20 .14 .14 -.02 .22 .25 .23 .03 
Weight of rump 0(14) .05 .36 .30 .27 .33 .04 .18 .15 .13 -.( 
Weight of round G(15) .19 .41 .40 .31 .51 .40 .40 .47 .29 .1 
Weight of short loin C(16) -.03 .18 .06 .02 -.26 -.08 -.02 .07 -.15 .1 
Percent lean C(17) -.07 .11 .09 .14 .27 .14 .10 .16 .01 -.1 
Percent fat G(18) -.05 -.15 -.18 -.21 - .44 -.24 -.22 -.27 -.05 ,1 
Percent bone C(19) .26 .19 .27 .26 .57 .32 .40 .34 .12 .1 
Dressing percent G(20) -.22 -.01 -.11 -.12 -.29 -.14 -.22 —. 06 -.08 
Weight of total fat trim 0(21) -.15 -.07 -.19 -.11 - .46 -.26 -. 26 -.23 -.12 .( 
Fat trim less kidney fat 0(22) -.13 -.03 -.13 -.09 -.31 -.25 -.22 -.21 1 0
 
1 
Weight of lean trim 0(23) -.13 -.26 -.31 -.22 -.10 T.08 -.14 -.19 -.03 -, : 
Weight of excess bone 0(24) .21 .22 .28 .41 .55 .41 .39 .39 .14 -. ; 
ngth (X) variables with live weight held constant. 
X(9) XCIO) X(15) X(20) X(22) X(29) X(30) X(31) X(32) X(34) X(35) 
.00 -.02 .09 .01 .04 .11 -.26 -.15 -.20 .01 .07 
.11 .03 .21 -.18 -.02 .17 .01 -.11 -.21 -.07 .13 
-.32 -.27 -.26 -..06 .01 -.13 -.33 -.14 .08 .05 -.05 
-.17 -.20 -.11 .00 -.07 .08 -.16 -.20 -.01 -.07 .00 
-.06 -.18 -.03 -.02 .05 .03 -.11 -.17 -.12 -.01 .01 
-.04 -.02 .04 .02 -.11 .23 .06 -.12 .08 -.16 .05 
.21 .24 .17 .10 -.07 -.01 .36 .15 .07 .09 .03 
-.14 -.07 -.20 .00 -.07 -.17 -.11 -.02 .08 .13 -.05 
-.25 -.30 -.19 -.01 .00 -.04 -.37 -.22 -.14 -.02 -.04 
.17 .16 .24 .02 .11 .11 -.24 -.04 -.30 .09 .10 
-.08 -.06 -.09 -.02 .07 -.03 -.41 -.05 -.14 .04 -.12 
.22 .25 .23 .03 .11 -.04 -.05 .12 -.13 .17 .05 
.04 .18 .15 .13 -.03 .21 .22 -.10 -.21 .03 .26 
.40 .40 .47 .29 .08 .13 .26 .11 -.18 .15 .26 
-.08 -.02 .07 -.16 .08 .04 -.12 -.05 -.21 -.03 .06 
.14 .10 .16 .01 -.07 .19 .26 -.04 -.06 -.12 .06 
-.24 -.22 -.27 -.05 .06 -.16 -.39 -.01 .05 .01 -.10 
.32 .40 .34 .12 .00 .01 .46 .12 .00 .21 .14 
-.14 -.22 -.06 -.08 -.14 .09 -.22 -.12 -.10 -.18 -.03 
-.26 -.26 -.23 -.12 .01 .02 -.36 -.17 -.10 -.09 -.10 
-.26 -.22 -.21 -.07 -.01 .03 -.25 -.15 -.09 -.08 -.05 
T.08 -.14 -.19 -.03 -.13 -.09 -.08 .08 .04 -.12 -.29 
.41 .39 .39 .14 -.12 .21 .45 -.02 -.03 .13 .14 
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Table 19. Partial correlations between carcass variables and height (Y) variables with li 
YC2) YC3) Y(5) Y(6) Y(7) Y(8) Y(9) Y(10) Y(ll) ¥(15) Y 
Dressed wt. right side C (2) -.13 .00 -.01 -.10 -.21 -.09 -.04 -.13 -.02 -.07 
Loin eye area C (3) -.26 .09 .13 -.04 -.10 .04 -.06 -.22 .01 -.02 
Fat over loin eye C (4) -.11 -.27 -.25 -.23 -.34 -.27 -.25 -.19 -.21 -.23 
Weight of fore quarter C (5) -.18 -.14 -.14 -.19 -.11 -.11 -.08 -.18 -.10 -.21 
Weight of rib C (6) -.24 -.19 -.23 -.23 -.14 -.10 -.14 -.07 -.16 -.03 
Weight of chuck G (7) -.13 .07 .06 .00 .02 -.04 .07 -.04 .11 -.05 
Weight of shank C (8) .41 .36 .43 .36 .52 .31 .48 .28 .33 .28 
Weight of brisket G (9) .04 -.18 -.14 -.13 -.07 .02 -.03 -.14 -.11 -.18 
Weight of plate G(10) -.13 -.19 -.21 -.20 -.22 -.18 -.25 -.25 -.22 -.30 
Weight of hind quarter C(ll) -.03 .14 .12 .03 -.21 -.05 .03 -.03 .07 .09 
Weight of flank C(12) -.09 -.12 -.22 -.13 -.36 -.22 -.21 -.10 -.11 -.08 
Weight of sirloin G (13) .24 .23 .22 .19 .07 .25 .29 .15 .22 .20 
Weight of rump G(14) .05 .28 .26 .16 .07 .03 .25 -.02 .23 .17 
Weight of round G(15) .19 .45 .45 .30 .38 .30 .43 .30 .35 .29 
Weight of short loin 0(16) .02 .09 .10 .00 -.09 -.04 -.09 -.05 -.01 -.10 
Percent lean C(17) -.15 .07 .14 .04 .16 .17 .08 .11 .08 .09 
Percent fat C(18) -.04 -.23 -.31 -.21 -.36 -.30 -.25 -.24 -.23 -.22 
Percent bone C(19) .40 .44 .50 .43 .58 .43 .50 .39 .43 .37 
Dressing percent C(20) -.20 -.06 -.05 -.09 -.16 -.09 -.13 -.13 -.06 ,01 
Total fat trim wt. C(21) -.22 -.25 -.31 -.25 -.41 -.36 -.39 -.34 -.27 -.30 
Without kidney fat _ G (22) -.16 -.16 -.24 -.19 -.29 -.29 -.30 -.30 -.21 
-.27 
Weight of lean trim 0(23) —. 08 -.17 -.11 -.13 -.03 -.03 .02 .04 -.05 -.05 
Weight of excess bone G (24) .44 .56 .67 .56 .61 .42 .57 .34 .56 .40 
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elations between carcass variables and height (Y) variables with live weight held coi 
YC2) Y(3) Y(5) Y(6) YC7) Y(8) YC9) YflO) Y(ll) Y(15) Y(16) ¥(17) Yfl8) -
C (2) -.13 .00 -.01 -.10 -.21 -.09 -.04 -.13 -.02 -.07 -.10 -.01 -.05 
C (3) -.26 .09 .13 -.04 -.10 .04 -.06 -.22 .01 -.02 -.10 .00 .19 
G (4) -.11 -.27 -.25 -.23 -.34 -.27 -.25 -.19 -.21 -.23 -.06 -.01 -.09 
C (5) -.18 -.14 -.14 -.19 -.11 -.11 -.08 -.18 -.10 -.21 -.09 .00 -.11 
C (6) -.24 -.19 -.23 -.23 -.14 -.10 -.14 -.07 -.16 -.03 -.21 -.14 -.05 
C (7) -.13 .07 . 06 .00 .02 -.04 .07 -.04 .11 -.05 .06 .15 -.18 
C (8) .41 .36 .43 .36 .52 .31 .48 .28 .33 .28 .33 .05 .17 
G (9) .04 -.18 -.14 -.13 -.07 .02 -.03 -.14 -.11 -.18 -.05 -.03 .09 
C(10) -.13 -.19 -.21 -.20 -.22 -.18 -.25 -.25 -.22 -.30 -.16 -.08 -.04 
C(ll) -.03 .14 .12 .03 -.21 -.05 .03 -.03 .07 .09 -.06 -.01 .03 
C(12) -.09 -.12 -.22 -.13 -.36 -.22 -.21 -.10 -.11 -.08 .01 .10 -.14 
G (13) .24 .23 .22 .19 .07 .25 .29 .15 .22 .20 -.02 -.07 -.05 
2(14) .05 .28 .26 .16 .07 .03 .25 -.02 .23 .17 -.09 .03 .05 
C(15) .19 .45 .45 .30 .38 .30 .43 .30 .35 .29 .29 .09 .09 
C(16) .02 .09 .10 .00 -.09 -.04 -.09 -.05 -.01 -.10 -.32 -.04 -.03 
C(17) -.15 .07 .14 .04 .16 .17 .08 .11 .08 .09 -. 06 -.06 .04 
C(18) -.04 -.23 -.31 -.21 -.36 -.30 -.25 -.24 -.23 -.22 -.07 .02 -.06 
C(19) .40 .44 .50 .43 .58 .43 .50 .39 .43 .37 .31 .07 .07 
C(20) -.20 «•. 06 -.05 -.09 -.16 -.09 -.13 -.13 -.06 .01 -.15 .01 -.06 
C(21) -.22 -.25 -.31 -.25 -.41 -.36 -.39 -.34 -.27 -.30 -.10 .01 -.13 
G (22) -.16 -.16 -.24 -.19 -.29 -.29 -.30 -.30 -.21 -.27 -.05 .05 -.15 
C(23) —. 08 -.17 -.11 -.13 -.03 -.03 .02 .04 -.05 -.05 -.08 -.11 .15 
G (24) .44 .56 .67 .56 .61 .42 .57 .34 .56 .40 .33 .03 .09 
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Table 20. Partial correlations between carcass variables and width (Z) 
variables with live weight held constant, r > .243 for P <.05; 
r > .316 for P <.01 
ZC2) Z(3) Zf4) ZC7) zaO) 
Dressed weight right side C (2) .07 -.04 .01 -.20 .11 
Loin eye area C (3) .13 -.15 -.12 .00 .18 
Fat depth over loin eye C (4) -.21 .08 .06 -.10 .16 
Weight of fore quarter c (5) -.14 -.17 .00 -.20 .19 
Weight of rib C (6) -.03 -.23 -.02 -.16 .06 
Weight of chuck C (7) -.11 -.13 -.06 -.20 .11 
Weight of shank C (8) .07 .11 .10 -.08 -.18 
Weight of brisket C (9) -.10 .08 .08 .09 .25 
Weight of plate C(10) -.06 -.10 .02 -.07 .08 
Weight of hind quarter C(ll) .23 .11 .03 -.10 .01 
Weight of flank C(12) -.18 -.08 -.08 -.17 -.13 
Weight of sirloin C(13) .17 .04 -.11 -.15 -.03 
Weight of rump C(14) .19 -.06 -.02 -.05 .00 
Weight of round 0(15) .30 .05 .05 -.17 -.15 
Weight of short loin C(16) .13 .11 .09 .08 -.02 
Percent lean C(17) .26 -.02 -.05 .07 -.08 
Percent fat C(18) -.27 .01 .06 -.05 .12 
Percent bone C(19) .15 .00 -.04 -.03 -.15 
Dressing percent C(20) -.04 -.03 .01 -.23 .17 
Weight ot total fat trim C(21) -.33 -.11 -.03 -.18 . 06 
Fat trim less kidney fat C(22) -.38 -.18 -.05 -.23 .01 
Weight of lean trim C(23) .31 .29 .42 .52 .32 
Weight of excess bone CC24) .08 .08 .08 -.05 -.07 
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Principal Component Analysis 
Principal component analysis provides a method to summarize all the 
correlations between variables and to express them in a smaller number of 
new variates, the components. The first component accounts for as much of 
the total variance as possible. The second component is chosen in such a 
way as to be uncorrelated with the first and to account for a maximum 
amount of the remaining variance, and so on for all components. In order 
to account for all the variance, there will usually be as many principal 
components as there are original variables but the first few will account 
for most of the variance. 
In carrying out the principal component analyses on the partial corre­
lation matrices it was found that all the latent roots of the matrices were 
not positive. That is, the matrices are not positive definite matrices, 
and this is true for all correlation matrices in the study. As a result, 
there are not as many components as there are original variables but this 
does not change the value of the loadings on the components extracted. It 
usually suffices to consider only the first few components and to disregard 
the rest. The characteristic root, for each component, which is the 
sum of squared loadings of the variables, makes it possible to determine 
what part of the total variance is accounted for by the respective compo­
nents. In the present study, principal component analyses were carried 
out on the length (X), height (Y), carcass, and overall partial correlation 
matrices. The partial correlations were used in order to put the data on 
a constant live weight basis. Because there were so few width (Z) measure­
ments a principal component analysis of width variables alone was not 
conducted although they were included in the overall analysis. 
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Principal component analysis of length measurements 
Fifteen principal components were extracted from the correlation 
matrix of length (X) measurements. The amount of variance accounted for 
by each of the first ten is given below: 
The first component accounts for a disproportionate amount of the total 
variance, 34.7 percent. 
A study of the coefficients of the first principal component in 
Table 21 suggests that this is a component for body length. The standard 
deviation of component loadings was calculated according to a formula 
is the average correlation in the original matrix and N is the number of 
observations. In the X matrix the standard deviation of the coefficients 
is .16 so that any loading whose absolute value is larger than .48 certain­
ly may be considered significant. An examination of the loadings of the 
variables on the first component shows that all significant ones have the 
same sign. In fact, all loadings except one are of the same sign, a good 
indication that this is actually not a bipolar component. If the variables 
are ranked in descending order, according to the magnitude of their coef-
Percent of total 
Principal component variance removed 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
34.7 
16.5 
13.3 
9.8 
7.3 
5.7 
4.6 
3.6 
2 . 8  
1 .1  
given by Harman (1962) , CT, 
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Table 21. Principal component coefficients for 16 length (X) variables 
Length Variable 
Loading on 
component 1 
Loading on 
component 2 
Loading on 
component 3 
To widest round, X(2) .74 -.57 -.04 
To hooks, X(3) .81 -.05 -.22 
To last rib, X(4) .79 -.03 -.35 
To widest paunch, X(7) .77 .44 -.08 
To rear flank, X(8) .55 .25 -.28 
To front flank, X(9) .62 .30 .64 , 
To widest shoulder, X(10) .79 .11 .54 
To brisket, X(15) .70 .33 .47 
To break in round, X(20) .49 -.32 1 o
 
To tail head, X(22) .43 -.35 .19 
Round to paunch, X(29) .06 .93 -.04 
Top of rear leg, X(30) .13 .53 -.22 
Paunch to shoulder, X(31) .04 -.37 .71 
Hooks to last rib, X(32) -.35 .03 -.05 
X(2)/X(10), X(34) .67 -.63 -.13 
X(4)/X(10), X(35) .53 -.11 -.66 
ficients, then X(3), X(10), X(4), X(7), X(2), and X(15) may be considered 
the best measures of overall length. The variable with the smallest load­
ing on component one is X(31) and is the poorest length measure. The 
correlation coefficients of the variables with the second principal com­
ponent are more difficult to interpret. The significant coefficients at 
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both poles of the component are associated with measurements of the hind-
quarter as well as with entire body length. Since the components are 
orthogonal hypothetical constructs, and because the third component 
accounts for almost as much of the total variance as the second component, 
its loadings were considered and the third component consequently desig­
nated a "quarter" component. The variables with significant loadings at 
the two poles seem to be associated with measures involving the forequarter 
on the positive pole and the hindquarter on the negative pole. The varia­
bles with the highest correlations with the third component are X(31), 
X(9), X(10), and X(15) on the positive pole and X(35), and X(4) on the 
negative pole. 
If the loadings of variables are plotted simultaneously on the axes 
of any two components, one can decide which variables are probably measur­
ing similar characteristics. This is the most important aspect of the 
principal component analysis in the present study. The loadings for com­
ponents one and three were plotted and the diagram is presented in 
Figure 4. 
In a diagram of component loadings, variables whose vectors lie close 
together are essentially measuring the same characteristics on the two 
axes since the location of the point for each variable indicates its corre­
lation with the components. Thé diagram indicates that variable X(9), 
X(10), and X(15), which are fairly well clustered together, are similar 
measurements. Any one of them may be used in prediction equations with 
approximately the same results. In the same way, variables X(2), X(7), 
X(34), X(3), and X(4) are clustered together, especially on the axis for 
general length of body. 
Figure 4. Diagram of relationships between length (X) measurements on principal axes 1 and 3 
The variables are: 
2. Distance from point 25 to widest round, X(2) 
3. Distance from point 25 to hooks, X(3) 
4. Distance from point 25 to last rib, X(4) 
7. Distance from point 25 to widest paunch, X(7) 
8. Distance from point 25 to rear flank, X(8) 
9. Distance from point 25 to front flank, X(9) 
10. Distance from point 25 to widest shoulder, X(10) 
15. Distance from point 25 to brisket, X(15) 
20. Distance from point 25 to break in round, X(20) 
22. Distance from point 25 to tailhead, X(22) 
29. Distance from widest round to widest paunch, X(29) 
30. The horizontal length of the top of the rear leg, X(30) 
31. Distance from widest paunch to widest shoulder, X(31) 
32. Distance from hooks to last rib, X(32) 
34. The ratio of X(2) to X(10), X(34) 
35. The ratio of X(4) to X(10), X(35) 
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Principal component analysis of height (Y) measurements 
From the correlation matrix of the height (Y) variables, 18 principal 
components were educed. The first two components removed 57.3 percent of 
the total variance of the Y variables. The proportion of the variance re­
moved by each of the first ten components was as follows: 
The correlations of the Y variables with the first and second compo­
nents are given in Table 22. The first component appears to measure height 
versus depth of body. The depth measurements, which have negative correla­
tions with the component, are measures of fleshing as opposed to the meas­
urements with positive loadings which are rather obviously indicative of 
skeletal development (or bone growth in length). The ratio of chest depth 
to wither height, Y(36), is known to be associated with fleshing and it is 
the only significantly correlated variable at the negative pole of the 
component. Wither height and the other variables heavily loaded on the 
first component at the positive pole are associated with skeletal develop­
ment and height. Depth measurements have high positive loadings on the 
second principal component while the height measurements have either small 
•positive or negative correlations. Skeletal growth seems to name the 
Percent of total 
Principal component variance removed 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
43.4 
13.9 
7.9 
6.9 
5.4 
5.1 
3.9 
3.3 
3.0 
2.4 
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Table 22. Principal component coefficients for 22 height (Y) measurements 
Height variable 
Loading on 
component 1 
Loading on 
component 2 
Height of widest round, Y(2) .68 -.37 
Height of hooks, Y(3) .91 .19 
Height of rump, Y(5) .92 .25 
Height of mid-back, Y(6) .92 .16 
Height of widest paunch, Y(7) .83 -.17 
Height of rear flank, Y(8) .81 -.16 
Height of front flank, Y(9) .77 -.47 
Height of shoulder, Y(10) .75 -.22 
Height of withers, Y(ll) .94 .14 
Height of bottom of brisket, Y(15) .63 .03 
Height of front knee, Y(16) .60 .01 
Height of front dew-claw, Y(17) .50 .12 
Height of rear dew-claw, Y(18) .52 .34 
Height of hock, Y(19) .57 .13 
Height of break in round Y(20) .37 .22 
Height of back at tail-head, Y(22) .88 .22 
Depth, back to shoulder, Y(29) -.35 .46 
Depth, back to round, Y(30) .16 .67 
Depth, back to rear flank, Y(31) .07 .53 
Depth of chest, Y(32) .04 .81 
Depth, back to paunch, Y(33) -.15 .46 
Ratio of chest depth to wither height, Y(36) -.45 .71 
Figure 5. Diagram of relationships between height (Y) measurements on principal axes 1 and 2 
The variables are; 
2. Height of widest round, Y(2) 
3. Height of hooks, Y(3) 
5. Height of rump, Y(5) 
6. Height of mid-back, Y(6) 
7. Height of widest paunch, Y(7) 
8. Height of rear flank, Y(8) 
9. Height of front flank, Y(9) 
10. Height of shoulder, Y(10) 
11. Height of withers, Y(ll) 
15. Height of bottom of brisket, Y(15) 
16. Height of front knee, Y(16) 
17. Height of front dew-claw, Y(17) 
18. Height of rear dew-claw, Y(18) 
19. Height of hock, Y(19) 
20. Height of break in round, Y(20) 
22. Height of back at tailhead, Y(22) 
29. Depth back to shoulder, Y(29) 
30. Depth back to round, Y(30) 
31. Depth back to rear flank, Y(31) 
32. Depth of chest, Y(32) 
33. Depth back to paunch, Y(33) 
36. Y(32)/Y(ll) 
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positive pole of the first component and fleshing seems to name the posi­
tive pole of the second but a clear definition is not apparent for either 
component. 
In view of the fact that both components are similar, a good indica­
tion of the distances which may be duplicating each other is obtained from 
the diagram in Figure 5 of the loadings of the variables on the first two 
components. 
There are several measurements which appear to be about equally 
correlated with the first component. Height of withers, Y(ll), is appar­
ently the best measure of height or skeletal development although Y(5), 
Y(6), Y(3), and Y(22) are almost as highly loaded on component 1 and any 
one of them is a good measure. Variables Y(29), Y(33), and Y(31) are 
equally good as measures of depth of body but the best measure here seems 
to be Y(32), the depth of the body from the top of the withers to the 
front flank, which has been called depth of chest for brevity elsewhere. 
Principal component analysis of carcass measurements 
It was possible to obtain 21 principal components from the matrix of 
correlations between carcass measurements. The first two components again 
removed more than half the total variance. The proportion of.variance re­
moved by the first ten components is shown below: 
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Percent of total 
Principal component variance removed 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
35.5 
15.3 
7.5 
7.2 
5.1 
4.8 
4.0 
3.5 
3.2 
2 . 6  
The correlation coefficients between the carcass variables and the 
first two components are given in Table 23 and a diagram of the loadings 
of the variables on the first and second components is presented in Figure 
6. The first component is most highly correlated with measurements of 
lean at the positive pole and measurements of fat at the negative pole. 
From the earlier discussion of partial correlation coefficients, it is 
known that percent and weight of lean measure lean and that bone is also 
positively associated with lean in the carcass. This is indicated in the 
loadings on the first component and can be seen clearly in the diagram. 
The highest positive correlations between the first principal component 
and carcass measurements are those with percent bone, percent lean, weight 
of excess bone, and weight of shank. The great difference between the 
loading for weight of shank and the next highest loading (weight of round) 
indicates that weight of shank is a good measure of lean. The highest 
negative loadings on the first component are those for weight of total fat 
trim, weight of fat trim less kidney fat, and percent fat. It seems 
logical after considering the loadings on this first component to call it 
a "lean-fat" component. The high positive correlations with the second 
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Table 23. Principal component coefficients for 23 carcass variables 
Loading on Loading on 
Carcass variable component 1 component 2 
Dressed weight right side -.76 .62 
Loin eye area -.06 .52 
Fat depth over loin eye -.73 -.23 
Weight of forequarter -.70 .26 
Weight of rib -.49 .06 
Weight of chuck -.33 .46 
Weight of shank .55 .27 
Weight of brisket -.25 -.15 
Weight of plate -.65 -.12 
Weight of hindquarter -.50 .71 
Weight of flank -.74 -.02 
Weight of sirloin -.12 .54 
Weight of rump .02 .60 
Weight of round .28 .67 
Weight of short loin -.43 .36 
Percent lean .69 .28 
Percent fat -.85 -.27 
Percent bone .76 .09 
Dressing percent -.66 .50 
Weight of total fat trim -.94 -.18 
Fat trim less kidney fat -.91 -.17 
Weight of lean tifim .20 .28 
Weight of excess bone .63 .40— 
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component are the weights of the higher priced parts of the carcass, more 
specifically the parts of the hindquarter. Weight of hindquarter, weight 
of round, dressed weight of the right side, and weight of rump are the 
variables with the highest loadings on the second component. A descriptive 
name for the second component is not obvious but it seems to be associated 
with the hindquarter and the cuts obtained from it. The diagram in Figure 
6 shows the relation of the carcass variables to the first two principal 
components. It indicates that weight of total fat trim, fat trim less 
kidney fat, weight of the plate, percent fat, and fat over the loin eye 
are measuring the same characteristic, fat content. Loin eye area and 
weight of the sirloin are similar measurements on the two axes and neither 
one is in the positive quadrant for leanness in the diagram. Their 
correlation coefficients with component one are very low suggesting that 
they are not important variables for estimating lean content. 
Principal component analysis of all variables combined 
From the overall principal component analysis, the interrelationships 
of variables in all dimensions with the carcass variables may be seen. 
The interpretation of the overall analysis is perhaps more difficult be­
cause the measurements are so numerous. From the correlation matrix for 
all variables, 30 principal components were extracted. The significant 
correlations between the variables and the first principal component are 
given in Table 24 and those between the variables and the second component 
in Table 25. The first, second, and third principal components account for 
22.2 percent, 11.3 percent and 7.1 percent of the total variance, respec­
tively. The formula given by Harman (1962) was used to calculate the 
Figure 6. Diagram of relationships between carcass variables on principal axes 1 and 2 
The variables are: 
2. Dressed weight right side 14. Weight of rump 
3. Loin eye area 15. Weight of round 
4. Fat over loin eye 16. Weight of short loin 
5. Weight of forequarter 17. Percent lean 
6. Weight of rib 18. Percent fat 
7. Weight of chuck 19. Percent bone 
8. Weight of shank 20. Dressing percent 
9. Weight of brisket 21. Weight of total fat trim 
10. Weight of plate 22. Fat trim less kidney fat 
11. Weight of hindquarter 23. Weight of lean trim 
12. Weight of flank 24. Weight of excess bone 
13. Weight of sirloin 
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standard deviation of a loading ( O" .. = .16) and any loading greater than 
aij 
.32 was considered significant~in attempting to attach a biological identi­
fication to the components. The first component is highly correlated with 
height and length measurements at the positive pole and with fat measure­
ments at the negative pole. There are no width (Z) measurement signifi­
cantly correlated with the first component but several of the carcass 
characteristics including dressing percent and all carcass fat measure­
ments are significantly loaded on it at the negative pole. Therefore, the 
most suitable identification of the first component appears to be "finish", 
with linear growth opposed to fleshing or fatness. "Lean-Fat" seems to 
be a logical identification of component two. The variables most.highly 
correlated with component two are percent lean, width of paunch, distance 
from hook to last rib, percent bone, and weight ~of lean trim, suggesting 
leanness at the positive end. Some of the significantly correlated meas­
urements at the negative end are associated with fat. Those with the high­
est negative correlation coefficients are dressed weight of right side of 
carcass, weight of hindquarter, weight of fat trim less kidney fat, weight 
of flank, dressing percent, weight of forequarter, percent fat, and the 
length from point 25 to the hooks. 
The correlations between the variables and the principal components 
of the overall analysis are especially important in this study since it is 
from these relationships that variables to be included in prediction equa­
tions must come. Because there, are so many variables, the diagram of the 
relationships with the principal components has been divided into four 
parts, one for each quadrant, and these are presented in Figures 7 through 
10. In choosing variables for the prediction equations it is important to 
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Table 24. Significant coefficients for variables in overall analysis on 
principal component 1 ; 
Loading on 
Variable component 1 
Height of rump Y(5) .86 
Height of hooks Y(3) .84 
Height of withers Y(11) .82 
Height of mid-back Y(6) .81 
Height of tail-head Y(22) .81 
Height of widest paunch Y(7) .78 
Weight of excess bone C(24) .78 
Height of floor of chest Y(9) .74 
Percent bone C(19) .73 
Height of rear flank Y(8) .71 
Height of widest shoulder Y(10) .67 
Length to rear flank X(8) .63 
Height of bottom of brisket Y(15) .60 
Weight of shank C(8) .60 
Weight of round C(15) .59 
Height of widest round Y(2) .58 
Length to widest shoulder X(10) .56 
Length to widest paunch X(7) .54 
Height of front knee Y(16) .51 
Height of hock Y(19) .50 
Length to hooks X(3) .48 
Length to last rib X(4) .48 
Length to front flank X(9) .46 
Length to widest round X(2) .43 
Top of rear leg X(30) .40 
Height of rear dew-claw Y(18) .40 
Height of front dew-claw Y(17) .36 
X(2)/X(10) X(34) .36 
Percent lean C(17) .35 
Dressing percent C(20) -.32 
Weight of rib C(6) -.32 
Weight of forequarter C(5) -.36 
Weight of flank C(12) -.43 
Weight of plate C(10) -.47 
Y(32)/Y(ll) Y(36) -.49 
Fat over the loin eye C(4) -.52 — 
Fat trim less kidney fat C(22) -.55 
Percent fat C(18) -.57 
Weight of total fat trim C(21) -.64 
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Table 25. Significant coefficients for variables in overall analysis on 
principal component 2 
Loading on 
Variable component 2 
Percent lean C(17) .45 
Width of paunch X(7) .41 
Length from hooks to last rib X(32) .39 
Percent bone C(19) .39 
Weight of lean trim C(23) .34 
Weight of rib C(6) ~ -.32 
Length to last rib X(4) -.34 
Height of hooks Y(3) -.35 
Weight of chuck C(7) -.38 
Depth back to widest paunch Y(33) -.39 
Weight of plate C(10) -.41 
Fat depth over loin eye C(4) -.42 
Length to widest paunch X(7) -.47 
Weight of short loin C(16) -.47 
Length to hooks X(3) -.51 
Percent fat C(18) -.51 
Weight of forequarter C(5) -.52 
Dressing percent C(20) -.57 
Weight of flank C(12) -.59 
Weight of total fat trim C(21) -.65 
Fat trim less kidney fat C(22) -.65 
Weight of hindquarter C(ll) -.71 
Dressed weight of right side C(2) -.78 
remember that measurements whose vectors lie close together are measuring 
similar characteristics on the two axes. Those whose vectors lie at right 
angles are independent on the two axes, and those with lines diametrically 
opposed are measuring the same quantity but differing in sign. 
The diagrams of relationships point to particular live animal measure­
ments which are likely to be most useful in prediction equations, as indi­
cated by their relative locations on the two axes. For example, percent 
lean when plotted on the two axes lies in the upper right-hand quadrant 
Figure 7. Upper right quadrant of diagram of relationships between all variables on principal axes 
1 and 2. 
The variables are: 
X (8 
X(30 
X(31 
Y (2 
Y (7 
Y(20 
Z (2 
Z (3 
G (8 
C(17 
0(19 
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Length from point 25 to rear flank 
Width of top of rear leg 
Length from widest paunch to widest shoulder 
Height of widest point on round 
Height of widest point on paunch 
Height of break in round at rear leg 
Width of round 
Width of hooks 
Weight of shank 
Percent lean 
Percent bone 
Weight of excess bone 
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Figure 8. Upper left quadrant of diagram of relationships between all variables on principal axes 1 
and 2. 
The variables are: 
X(32) Length from hooks to last rib 
Z (4) Width of loin 
Z (7) Width of paunch 
Z(10) Width of shoulder I 
C(23) Weight of lean trim 
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Figure 9. Lower left quadrant of diagram of relationships between all variables on principal axes 
1 and 2. 
The variables are: 
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Figure 10. Lower right quadrant of diagram of 
1 and 2. 
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Length to widest round 
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Length to last rib 
Length to widest paunch 
Length to front flank 
Length to widest shoulder 
Length to brisket 
Length to break in round 
Length to tail-head 
Length round to paunch 
X(2)/X(10) 
X(4)/X(10) 
Height of hooks 
Height of rump 
Height of midback 
Height of rear flank 
Height of floor of chest 
Height of widest shoulder 
Height of withers 
Height of bottom of brisket 
Height of front knee 
Height of front dew-claw 
Height of rear dew-claw 
Height of hock 
Height of tail-head 
Depth top to widest round 
Depth top to rear flank 
Loin eye area 
Weight of sirloin 
Weight of rump 
Weight of round 
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and there are several linear measurements whose vectors lie close to the 
vector for percent lean. This suggests that they are more closely related 
to percent lean than are other measurements. These measurements, X(30), 
Y(20), X(31), Z(3), Z(2), X(8), Y(7), and Y(2) are, therefore, the independ­
ent linear measurement variables used in the multiple correlation equations 
to predict percent lean.. 
Prediction Equations 
Live weight is included as a continuous independent variable in all 
equations. Breed and treatment groups are included as discrete independ­
ent variables for which constants are fitted in the regression analysis. 
Breed groups consist of Angus, crossbreds, and Herefords. The Charolais X 
Hereford steers and the Brown Swiss X Hereford steers were grouped together 
as Crossbreds because there were only five steers of each kind. In the 
full model, as shown in the tables of prediction equations, if breed effect 
is significant, then breed is retained in the subsequent equations for a 
particular carcass characteristic. Treatment effect is not significant for 
any of the carcass traits and, therefore, is included only in the full 
model. A non-significant treatment effect is probably to be expected since 
all animals, regardless of treatment, were fed to a constant slaughter 
grade of low choice and most of the difference due to treatment is removed 
when live weight is taken into account. 
Hicks (1965) reported that weight of total fat trim, loin eye area, 
fat over the loin eye, and weight of the round were important measurements 
in prediction equations for total carcass value. These and other carcass 
traits of interest , percent lean, percent fat, weight of the rump, weight 
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of the sirloin, and weight of the rib, were used as independent variables 
in the prediction equations given in Tables 26 through 34. The partial 
regression coefficients were tested for significance using a t with resid­
ual degrees of freedom. A significant t indicates that inclusion in the 
model of the independent variable in question results in a significant re­
duction in total sum of squares of the dependent variable. 
Percent lean 
Table 26 presents several possible prediction equations for percent 
lean along with the multiple correlation coefficient, R, for each equation, 
and which indicates the proportion of total variance in percent lean 
accounted for by the independent variables included in the respective 
equations. Simple correlations between live weight and percent lean, 
percent fat, fat over the loin eye, and total fat trim are lower than 
those between live weight and weights of carcass cuts. It is possible to 
2 increase R more for traits for which live weight does not account for a 
2 large part of total variance. The R for the full model prediction equa-
2 tion for percent lean is .45 whereas the r due to live weight alone is 
only .01. Breed has a significant effect on percent lean with Crossbreds 
having significantly more lean than the Angus or Hereford steers. The 
variables which are most useful in predicting percent lean are breed; X(30), 
the width of the rear leg from the bottom of the round to the rear flank; 
and Y(2), the height of the widest part of the round. X(8), the length 
distance from the extreme rear of the round to the rear flank, which is 
actually measuring a great deal that X(30) measures, approaches signifi­
cance. 
Table 26. Partial regression coefficients and multiple correlation coefficients for equations to 
predict percent lean 
Independent Partial regression coefficients 
variables ' 
Live weight -.005 -.007 -.011* -.011* -.007 -.006 -.007 -.008 -.004 .003 
X(30) .204 .160 .310 .292 .643* .699* .684* .572** 
Y(20) .148 .116 .030 .050 -.054 -.113 -.107 
X(31) .060 .038 -.056 -.051 -.078 -.054 
Z (3) .007 .012 -.001 -.001 -.050 .067 
Z (2) .302 .295 .172 .174 .290 
X (8) .510 .480 .503 .547 
Y (7) .253 .232 .054 
Y (2) -.446* -.347* 
Angus -.354 — .488 -.304 -.338 -.768 -.925 -.935 -.967 -1.655** 
Crossbred 2.184** 2.385** 2.516** 2.534** 2.509** 2.824** 2,834** 2.852** 3.071** 
Hereford -1.830 -1.897 -2.212 -2.196 -1.741 -1.899 -1.899 1.885 -1.416 
El .964 
E2 -.643 
% -.321 
a 46.240 47.965 48.114 49.081 54.103 56.966 56.696 55.723 62.197 53.034 
R2 .671 .641 .604 .603 .574 .566 .565 .559 .483 .105 
R .450 .411 .365 .364 .329 .320 .319 .313 .233 .011 
F 3.273** 3.426** 3.163** 3.559** 3.498** 3.906** 5.618** 6.943** 6.278** .710 
* P < .05 
** P <.01 
Table 27. Partial regression coefficients and multiple correlation coefficients for equations to 
predict percent fat 
Independent Partial regression coefficients 
variables 
Live weight .009 .011 .012 .011 .004 .003 .003 .009 .004 .003 
Z (3) -.036 -.058 0.072 -.081 .010 -.196 -.230 -.122 .035 
X(31) -.145 -.091 -.012 .008 .111 .070 .024 -.094 -.104 
X(30) -.232 -.107 -.149 -.102 -.682 -.811* -.707* -.860** 
Y(33) .190 .297 .422 .507 .500 .442 .513 
Y(36) -.532 -6.852 -•11.091 -8.274 8.196 13.055 
Y(20) -.242 -.215 -.179 -.220 -.036 .083 
Z (2) -.484 - .484 -.421 -.433 -.567 
X (8) -.746 -.762 —0 820 -.882* 
Y (7) -.340 -.285 -.123 
Y (2) .389 .252 
Angus .564 .759 .639 .702 1.272 1.544 1.679* 1.769* 2.763** 2.743** 
Crossbred -2.212* -2.562* -2.695** -2.720 -2.585** -3.149** -3.293** -3.129** -3 .544** -3.530** 
Hereford 1.648 1.803 2.056 2.018 1.313 1.605 1.614 1.360 .781 .787 
El -1.229 
El .635 
h .594 
a 56.302 54.886 54.854 48.857 29.794 22.228 30.017 40.350 28.821 26.980 
R2 .716 .690 .679 .677 .639 .622 .617 .586 .479 .476 
R .513 .475 .461 .459 .409 .387 .380 .343 .229 .227 
F 3.514** 3.625** 3.780** 4.159** 3.804** 3.936** 5.085** 5.138** 3.569** 6.069** 
* P < .05 
** P < .01 
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Table 28. Partial regressioa coefficients and multiple correlation coefficients £ 
Independent 
variables Partial regression co 
Live weight .133** .133** .117** .112** .106** . 105* 
Y(36) 120.494 133.692 167.240 249.331* 297.890** 324.895* 
Y(33) .882 1.038 .811 .885 .433 1.502 
Y(32) -1.089 -1.398 -1.525 -2.356 -2.591 -3.239* 
Y(29) .681 1.120 1.337 1.472* 1.681 .995 
Z (3) -.347 -.403 .143 .296 -.615 -.452 
X(31) -.599 -.725 -.517 -.389 -.548 -.682 
Y(20) -.802 -.811 -.767 -.302 .317 -.562 
X(30) -.388 -.472 -.837 -2.156* -2.890** 
Z (2) -1.282 -1.488 -2.647* -2.686* 
X (8) -2.702* -2.620* -1.600 
Angus 1.204 .719 
Crossbred -5.912 -5.335 
Hereford 4.708 4.616 
El -1.531 
E2 2.394 
E3 -.863 
a 26.663 25.915 18.822 -26.263 -64.020 -76.034 
R2 .791 .785 .758 .749 .717 .670 
R .626 .616 .575 .561 .514 .449 
F 5.584** 6.407** 6.649** 7.020** 6.572** 5.817*'" 
* P < .05 
** p < .01 
Ltiple correlation coefficients for equations to predict weight of total fat trim 
Partial regression coefficients 
. 112** .106** .105** .099** .089** .093** .061** 
.331* 297.890** 324.895** 354.482** 354.263** 341.688** 152.836*-
.885 .433 1.502 1.708 1.613 1.748* 1.560 
.356 -2.591 -3.239* -3.744* -3.409* -3.143* 
.472* 1.681 .995 . .964 1.121 
.296 -.615 -.452 -.415 
.389 -.548 -.682 -.643 
.302 .317 -.562 
. 156* -2.890** 
,686* 
.074** .061** 
186.598** 
263 
749 
561 
020** 
-64.020 
.717 
.514 
6.572** 
-76.034 
.670 
.449 
5.817*" 
•93.348 
.661 
.437 
6.440** 
-123.602 
.654 
.428 
8,974** 
-108.106 -89.102 -85.321 16.927 
.635 .597 .569 .457 
.404 .359 .324 .209 
10.328** 11.469-'* 15.079'Wf 16.910** 
Table 29. Partial regression coefficients and multiple correlation coefficients for equatior 
Independent 
variables 
" — Partial regression c 
Live weight .003 .003 .005** .005** .005** .006** .006** 
X(22) -.016 -.003 -.010 -.018 -.036 -.040 -.039 
X(29) -.124 -.114 -.069 -.073 -.075 -.061 -.067 
Y(31) .136 .085 .024 .023 .028 .028 .024 
Y(30) .191** .100** .186** .183** ,206** .196** .193** 
Z (7) .150 .130 .156 .148 .154 .143 .146 
Z (4) -.084 -.116 -.120 -.119 -,112 -.137 -.137 
X(32) -.002 -.004 -.023 -.020 -,022 -.028 -.029 
X(31) .065 .035 .030 ,039 ,040 .025 
Z (3) • - -.127 -.097 -, 080 -.078 -,096 
Y(29) .106 .102 .084 .084 
Y(32) -.016 -.004 -.028 
Angus .075 .038 
Crossbred .280 .312 
Hereford -.355 -.350 
El -.246 
E2 -.072 
3^ -.174 
a -2.090 .015 -.325 -1.022 -.055 -.578 .213 
2^ .791 .784 .757 .757 .745 .735 .734 
R .626 .615 .574 .573 .555 .540 .539 
F 5.128** 5.810** 5.955** 6.577** 6.849** 7.308** 8.322** 
* P <.05 
** P <.01 
equations to predict loin eye area 
ression coefficients 
006** .006** .006** .006** .005** .006** 
039 -.033 .011 .008 -.011 -.010 
067 -.075 -.064 -.072 .048 .057 
024 .023 -.003 .000 .021 
193** .209** .206** .203** 
146 . 142 .047 
137 -.133 
029 
.006** 
-.027 
.006** 
-.131 .306 1.374 2.235 2.401 3.803 3.681 
.730 .712 .708 .616 .615 .604 .602 
.534 .506 .502 .379 .378 .364 .362 
9.477** 10.089** 12.101** 9.304** 12.555** 18.046** 36.292** 
Table 30. Partial regression coefficients and multiple correlation coefficients for equations to 
predict fat over the loin eye . 
Independent Partial regression coefficients 
variables 
Live weight .001* .001* .001 .000 .000 .000 .000 .000 .000 .000 ,000 
Y(33) .011 .010 .022 .019 ,020 .023 .020 .020 .026* .029* 
Y(36) 2.781 3.182 3.266 4.103* 4.214* 4.058* 1.224 1.225 3.590* 
Y(29) .003 .011 .004 .004 .004 .003 .000 
Y(32) -.030 -.035 -.040 -.045 -.047* -.047* -.048* 
Z (3) .015 .021 .025 .010 .010 
Y(20) .003 .002 -.008 -.002 
Z (2) -.021 -.033 -.042* -.027 
X(30) -.028 -.030 
Angus .042 
Crossbred -.072 
Hereford .030 
El -.010 
E2 .018 
E3 -.008 
a -.097 .064 .054 -.679 -.738 -.527 -2.069 -2.045 .384 .760 .029 
R, .541 .516 .480 .396 .394 .383 .298 .298 .252 .058 .433 
.293 .266 .230 .156 .156 .149 .089 .089 .063 .003 .188 
F 1659 2.260* 2.133* 1.537 1.812 2.099 1.488 2.016 2.134 .216 2.774* 
* P < .05 
** P < .01 
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Table 31. Partial regression coefficients and multiple correlation coefficients for equations te 
Independent 
variables Partial regression coe 
Live weight .044** .039** .043** .040** .040** .041** ,041** .04 
X (9) .789* .667 .170 .163 .180 .163 .151 .If 
X(10) -.641 -.293 .111 .140 - .029 .108 .153 .12 
X (2) -.605* -.793** -.261 -.220 -.229 -.198 -.191 -.26 
X(35) -.178 6.499 .569 4.842 -.103 2.795 8.114 .75 
X (4) .450 .159 .123 .073 .300 .080 .054 ' .16 
Y (6) -.451 -.383 -.316 -.336 -.366 -.390 -.218 .17 
Y(ll) -.042 -.007 -.268 -.182 -.103 -.067 -.055 
Y (5) .029 .472 .387 .412 .344 .444 .614 
Y(22) -.056 -.235 -.145 -.127 -.068 -.123 -.122 
Y (3) .318 .239 .216 .283 .323 .361 
Y(16) .264 .557 .326 .345 .367 
Y(19) -.024 -.009 .140 .142 
Y (8) .440 .055 .197 
Z (2) 1.153** 1.357** 
Angus -2.812** -2.448** -2.966** -2.809** -2.823** -2.912** -2.988** -3.25 
Crossbred 1.165 .843 2.388** 2.431** 2.481** 2.436** 2.385** 2.55 
Hereford 1.647 1.605 .578 .378 .342 .476 .603 .7C 
Ec 
•1.264 
1.028 
.236 
a -22.579 -50.821 -20.807 -25.465 -16.847 -24.689 -30.622 
.958 .955 .940 .939 .939 .938 .937 
.918 .912 .885 .883 .882 .880 .878 
27.247** 29.374** 23.495** 25.174** 27.222** 29.220** 31.799** 
*P <.05 
**P <.01 
: equations to predict weight of the round 
regression coefficients 
.042** .045** .046** .047** .047** 
.158 .156 .074 .181 .294 
.129 .261 .272 .126 
.265 -.241 -.150 
.790 .152 
.186 
.179 
,053** 
-3.251** 
2.551** 
.700 
-3.420** 
2.642** 
.778 
-3.672** 
2.760** 
.912 
-_3.604** 
2.728** 
.876 
-3.633** 
3.718** 
.915 
622 -26.535 r27.435 -15.885 -13.879 -12.545 1.455 
937 .935 .934 .932 .931 .931 .928 
878 .874 .872 .868 .867 .867 .861 
799** 43.256** 56.502** 64.774** 78.387** 99.297** 128.919** 
Table 32. Partial regression coefficients and multiple correlation coefficients for equations to 
predict weight of the rump 
Independent Partial regression coefficients 
variables 
Live weight .014** .014** .015** .016** .017** .017** .018** .019** .019** 
X(35) 3.251 -5.612 -6.691 -4.608 -3.313 -.796 1.914 9.962* 
X (3) .157 .111 .117 .112 .084 .079 .107* 
X (7) -.084 -.144 -.146 -.098 .025 .017 
y (30) -.036 -.030 -.034 -.023 .036 .062 
X (4) .058 .134 .146 .117 .089 .050 
X(22) -.067 -.074 -.073 -.069 -.104 
X(29) .158 ,114 .116 .168 
Y(31) .126 .178 .184 
Z (4) -.074 -.008 
Z (7) -.058 .042 
Angus .067 -.139 
Crossbred .090 .135 
Hereford -.157 .004 
El -.577 
Ez -.301 
E3 .878 
a -8.996 -7.443 -7.034 -6.575 -6.466 -7.486 -6.522 -8.959 -3.317 
Ro .880 .854 .863 .855 .849 .847 .844 .831 . .818 
.775 .747 .745 .731 .722 .717 .713 .690 .669 
F 11.499** 11.786** 18.213** 19.333** 21.538** 24,918** 51.230** 70.122** 129.283** 
* P < .05 
** P <.01 
Table 33. Partial regression coefficients and multiple correlation coefficients for equations to 
predict weight of the rib 
'i 
Independent Partial regression coefficients 
variables 
Live weight .038** .040** .040** .040** .036** .035** .036** .032** .029** 
Y(33) '-.292 -.214 -.168 -.094 -.062 -.042 -.139 -.159 
Y(29) -.086 -.068 -.090 -.137 -.109 -.112 - .064 -.086 
Y(36) 34.764 34.733 29.726 31.580 28.262 31.157 36.170 13.093 
Y(32) -.422 - .446 -.422 - .466 -.343 -.393 -.385 
Z (3) -.262 -.374 -.280 -.269 -.342 -.337 
Y(20) .064 .064 .000 -.060 -.054 
X(31) -.161 -.267 -.250 -.260 
X(30) -.080 -.274 -.198 
Z (2) .142 .277 
Angus .241 
Crossbred .486 
Hereford -.727 
E. .780 
Eg .295 
-1.075 
a -.375 3.559 7.451 6.626 -.916 -2.472 -9.279 -6.673 -3.144 
.858 .829 .825 .823 .816 .814 .805 .799 .793 
.736 .688 .681 .677 .665 .664 .648 .639 .628 
F 10.156** 12.122** 13.305** 14.962** 16.466** 19.414** 22.092** 26.986** 108.172** 
* P <.05 
** p < .01 
Table 34. Partial regression coefficients and multiple correlation coefficients for equations to 
predict weight of the sirloin . 
Independent Partial regression coefficients 
variables 
Live weight .018** .018** .020** .021** .020** .021** .022** .022** .022** 
X(22) .003 .025 .008 .054 .028 .058 .070 .093 
Z (4) .069 .Oé7 .038 .038 -.048 -.071 -.068 
X(29) -.027 -.0*1 -.031 .009 .023 .029 
X(31) -.042 .160 .125 .122 .109 .097 
X (3) .289 -.059 .030 .049 .060 
X(32) .216 -.080 -.024 -.012 
Z (7) -.286 -.186 -.153 -.174 
Y(30) -.026 -.065 -.065 
X(35) -.155 6.894 -1.530 
X (7) .024 .192 .145 
Angus .086 -.179 
Grossbred .561 .735 
Hereford -.647 -.556 
El .005 * 
Eg -.615 1 
3^ .610 , 
a 6.548 -6.552 -5.043 -4.407 -6.913 -5.475 -2.720 -3.559 -3.147 
.888 .880 .868 .864 .816 .857 .855 .854 .851 
.789 .775 .753 .747 .742 .734 .731 .729 , .725 
F 12.479** 13.774** 14.984** 21.090** 28.303** 33.144** 56.137** 84.758** 168.748** 
* P < .05 
** P <.01 
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Percent fat and total fat trim 
Prediction equations for percent fat are given in Table 27 which shows 
that breed also significantly affects percent fat. The Crossbreds have 
less fat in the carcass than the other two breeds. The prediction equation 
2 
using the full model except for treatment group results in an R of .48 
2 
which is considerably better than r = .02 with live weight alone. The 
most useful linear measurements appear to be X(30) and X(7), but Y(2), 
Y(20), Y(36), and X(31) contribute very little to the sum of squares due to 
regression when they are included in the equations. 
Although Y(36), the ratio of chest depth to wither height, is not an 
important variable in prediction ecjuations for percent fat, it is an impor­
tant variable in the prediction of the weight of total fat trim. The 
equations for predicting total fat trim are presented in Table 28. Using 
all the variables suggested by the principal component analysis plus breed, 
2 R is increased from .209 with live weight alone to .616. Breed does not 
have a statistically significant effect on fat trim but it approaches 
significance. X(30) again is a useful measurement, as it is in prediction 
equations for percent lean and percent fat. The partial regressions of 
total fat trim and percent fat on X(30) are negative whereas the partial 
regression of percent lean on X(30) is positive. This seems to indicate 
a positive relationship between X(30) and lean in the carcass. Where it 
is included as an independent variable for other carcass characteristics, 
X(30) is not a significant source of variance. Other linear measurements 
2 
which contribute significantly to R for predicting total fat trim are 
Z(2), X(8), Y(32), and Y(33), and live weight is a very important variable 
in all fat trim prediction equations. 
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Loin eye area and fat over loin eye 
Although loin eye area was not closely associated with lean in the 
carcass in the present study, it nevertheless would be desirable to be able 
to predict it with accuracy in a selection program for increased yield of 
the higher priced cuts. The linear measurements which principal component 
analysis shows to be most closely associated with it are Y(31), X(29), Y(30), 
and X(22) in the same lower right quadrant; Y(29) and Y(32) in the adjacent 
lower left quadrant; and Z(4), X(32), and Z(7) in the opposite upper left 
quadrant. Also Z(3), and X(31) may be associated with it. Of these, the 
only measurement that is significant in the prediction equations in Table 
29 is Y(30), the height distance from the top of the back to the widest 
part of the round. Z(4), the measurement which comes closest to measuring 
2 the actual width of the loin, contributes to R but the partial regression 
of loin eye area on Z(4) is not significant. The variables which add 
least to the are Y(31), Z(7), X(32), X(31), and Y(32). Breed and treat­
ment effects on loin eye area are not significant. 
Fat over the loin eye is not highly correlated with live weight, 
having a simple correlation of .06, with live weight accounting for less 
than one percent of the total variance. Prediction equations in Table 30 
using variables selected from the principal component analysis, increase 
to only .293. This is true in spite of the fact that in various equa­
tions Z(2), Y(32), Y(36), and Y(33) contribute significantly to the sum of 
squares due to regression. Live weight has a significant effect only in 
the models in which all the selected independent variables were included. 
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Weights of carcass cuts 
Prediction equations for the weight of the round, rib, sirloin, and 
2 
rump increase the multiple R due to fitting many variables only a little 
o 2 
above the r due to live weight alone. Simple r 's for weight of the 
round, weight of the rib, weight of the sirloin, ahd""weight of the rump 
with live weight alone are .86, .63, .72, and .67, respectively, indicat­
ing the large part of the variance of the cuts accounted for by live 
weight. Of the variables in the full model in Table 31, Z(2), X(2), and 
X(9) are the only significant linear measurements in equations for the 
prediction of the weight of the round. Z(2) is the width of the round, 
X(2) is the length of the round from the extreme rear to the widest part, 
and X(9) is the distance (in length) from rear-most round to the front 
flank. Both Z(2) and X(2) are direct measurements of round dimensions and 
logical measurements to use for the prediction of its weight. Breed 
effect on the weight of the round is significant and this is the only 
carcass cut weight considered in this study for which this is true. The 
constants obtained indicate that Crossbred and Hereford steers have 
heavier rounds than do the Angus steers at the same live weight within the 
range of live weights in this study. Treatment had no effect on the weight 
of any carcass cut. In the prediction equations for the weight of the 
rump in Table 32, only two of the linear measurements, X(35) and X(3), con­
tribute significantly to the reduction in total sum of squares. Of the 
two, X(3) is the most direct measure of the size of the rump whereas X(35) 
is probably measuring the length of the rump relative to the length of the 
body to the widest part of the shoulder. The variables of least value in 
predicting weight of the rump are Z(7), Z(4), X(22), X(4), Y(30), and X(7) . 
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None of the variables selected for predicting weights of the rib and 
sirloin resulted in a significant increase, in sum of squares due to re­
gression. Although the partial regressions of the weight of the rib on 
X(31) and Z(3) are not significant in any prediction equation in which 
these variables are included, they contribute more than the other variables 
to the. multiple correlation coefficient as can be seen in Table 33. Breed 
contributes most to the multiple correlation coefficient for prediction 
equations for weight of the sirloin but its effect is not significant. 
The linear measurements which contribute most are X(35) and Z(7) but, even 
so, the partial regression of the weight of the sirloin on neither is 
significant. 
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SUMMARY AND CONCLUSIONS 
The objective of this study on beef~steers was to obtain prediction 
equations for carcass characteristics with data obtained by photogrammetrie 
methods. Stereophotographs were made one to two days before slaughter with 
a Wild C12 stereometric camera. The 67 animals included 18 Angus, 10 
Crossbreds, and 39 Herefords, all born in the spring of 1962 and assigned 
at random to three feeding regimes at weaning in the fall. Group El went 
on full feed a month after weaning. Group E2 wintered on hay and silage 
and went on full feed in early summer and group ES, after going through 
the summer on pasture, went on full feed in the fall of 1963. The steers 
were slaughtered when individually judged to be low choice in grade. The 
stereophotographs were measured and the raw data consisted of point 
coordinates in three dimensions for reference points on the animals. 
Twenty reference points were used in this study. From these 20 points, 16 
measurements in length (X), 22 measurements in height (Y), and 5 width (Z) 
measurements were obtained. These 43 linear distances, plus 23 carcass 
characteristics obtained from detailed carcass data, were the measurements 
used in the analysis. 
Partial correlation coefficients with live weight held constant were 
used in principal component analyses of the length distances, height dis­
tances, the carcass characteristics, and all measurements combined. 
In the principaJ. component analysis for the length distances, the 
first, second, and third principal components removed 34.7 percent, 16.5 
percent, and 13.3 percent of total variance, respectively. The first com­
ponent seemed to be related to general length biologically. The biological 
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interpretation of the second component was not apparent and, because of 
this, the third component, which accounted for almost as much of the total 
variance as the second, was considered and designated a "quarter" component 
since opposite poles seemed to be associated with front and rear quarters. 
The variables indicated by a plotting of the loadings of variables on the 
two~axes to be measuring essentially the same quantities were X(9), X(10), 
and X(15). On the axis for general body length, X(2), X(7), X(34), X(3), 
and X(4) are similar measurements suggesting that they may be used in pre­
diction equations with approximately the same results. 
Component one in the analysis of the height distances removed 43.4 
percent of the total variance and was interpreted as a component for gener­
al development with skeletal development at one pole and measures of flesh­
ing at the other. The second component also seemed to measure fleshing at 
the positive pole but a clear descriptive word for the component was not 
apparent. The plotting of the loadings on the first two components indi­
cated that Y(ll), wither height, was the best measure of skeletal develop­
ment although Y(5), Y(6), Y(3), and Y(22) were almost as highly loaded on 
component one. The best measure of fleshing appeared to be Y(32), the 
depth of the body from the top of the withers to the front flank, but 
Y(29), Y(33), and Y(31) were also good indicators of fleshing. 
Principal component analysis of the carcass traits was successful in 
grouping the lean measures together and the fat measures together. The 
first component was interpreted as a "lean-fat" component. The second 
component appeared to be positively correlated with parts of the hindquar-
ter. The success of the component analysis in logically grouping the 
carcass traits and the length and height linear measurements suggested 
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that it is a useful method for selecting measurements to use in prediction 
equations when the number of possible combinations of variables is large. 
From the loadings of the variables on the first two components in the 
overall principal component analysis which included all length, height, 
width, and carcass measurements, a plotting made it possible to select 
variables to be included in prediction equations for nine carcass traits. 
Treatment effect was not significant for any of the nine. Breed effect 
was significant only for percent lean, percent fat, and weight of the round. 
The prediction equations for all traits are perhaps valid only for steers 
within the weight range of this study since relative proportions change as 
body weight changes. Prediction equations for weights of the round, rump, 
rib, and sirloin increased the multiple correlations only a little over 
the simple correlations with live weight alone. 
Prediction equations for percent lean resulted in a maximum multiple 
correlation coefficient of .64. The simple correlation between percent 
lean and live weight was .10. The equations to predict percent fat re­
sulted in a maximum multiple correlation coefficient of .72 whereas the 
simple correlation between percent fat and live weight was .48. X(30), 
the width of the top of the rear leg from the bottom of the round to the 
rear flank, was an important measurement in predicting percent of fat and 
lean. Live weight was not a significant source of variation for fat over 
the loin eye and the simple correlation between them was .06. The best 
prediction equation for fat over the loin eye, excluding breed and treat­
ment effects, gave a multiple correlation of .52. Loin eye area was fairly 
highly correlated with live weight, having a simple correlation coefficient 
of .60. The best prediction equation for loin eye area increased the 
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multiple correlation coefficient to .78 resulting in an increase in total 
variance accounted for from 36 percent to 62 percent. The prediction 
equations for total fat trim increased the squared multiple correlation 
coefficient to .62 whereas the squared simple correlation of total fat 
trim with live weight was .21. 
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